T T e I A e e e R e e R
[ 1! *159159* TITLE OF THE | NVENTI ON PACKAGE FOR
| NTEGRATED CIRCU T DIE CROSS REFERENCE TO R
APPLI CATI ONS This application clainms the benefl Wﬂ%ﬂ’mm,mm m .
U.S. Provisional 5 Application No. 60/443, 470, I
January 29, 2003, the contents of which are hereby!s9iso
i ncorporated by reference herein. STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCHEORNVIMREWOPVENT  Not
App:icable 10 BACKGROUND OF THE | NVENTI ON Thi s
application CKAUSPr g Ntegrated
circuits andgﬁégégéhéﬁ%ﬁ%ﬁ#%?%mﬁﬁt% C|rg£|t packgges
that include netal flanges and hi gh-tenperature
ther mopl as¢géed 1 N&%é%ﬁ’mﬂw 2P 1 OAPEONS
|ntegrated circult devices (sonetines referred to
as "chips" or "die") are tyglcally mount ed i nsi de

t

ci TeUst FPReRagEsoRo Pravimect thhe RANGTANd 6 - i Fapeieional

5 Appgki@g{::[érg%é.y g ATELRANRHGAl |f¥_l§BdJEg§£E%| by, COPPBCt KW contents

10

15

20

die to rinted circuit boar eat sinks and the
of Whkeh arg mr@@w sneetporatret bygsef AEPRRR NOF Hase
(commonly referred to as a "slug" or 20 "flange"), a
protective insulating housing and | eads extendi ng

teFé&s?v%atgFaﬁy? Al SEPRpAEy el KR RyT A ©

Wi res, contacts on tprgrdoeMENT
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII *rnnnnt The
protective housing is de of a di.electric material,
such as plastic or cer ©d€att ached to the
flange to

BACKGROUND OF THE INVENTION

This application relates to circuit packages for integrated
circuits and, more particularly, to circuit packages that include

metal flanges and high-temperature thermoplastic frames.

Semiconductor and other integrated circuit devices
(sometimes referred to as “chips” or “die”) are typically mounted
inside circuit packages to protect the die and to facilitate
electrically, mechanically ana thermally connecting the die to
printed circuit boards, heat sinks and the like. A typical circuit
package includes a base (commonly referred to as a “slug” or
“flange”), a protective insulating housing and leads extending
through the housing. 1Inside the housing, the leads are
electrically bonded directly, or more commonly by wires, to

contacts on the die.
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encapsul ate the die and bonding wires and to protect

t hem agai nst intrusion of water vapor and ot her

at nospheri c gases. Mst 5 protective housings conprise

two pieces, i.e. a set of sidewalls (a "'frame") and

a lid, although sone housings are nol ded as one- piece
as§eablpmgectheeohdeising W chaddieofr anedbatedtheidi Raterial,

d to the fl e _var, es, dependin t
such s "SHOGLEC, b0 LISl En0S ey o5, SORE 10 R Miange co
encapxibate t epediat Wnel bhadimyewisds abHY ¢ pfrofekdt €hem against

. .W thout deform ng or being otherw se damaged. A
intERpLERt PRcRIRET o “BOR GboRERSH: oA TYRTRIAHLy gases. Most

protBetideshaus Al cdrlpange, twe Whkels) he. &i exiSet of sidewalls
of ten eutectic soldering. The flange

tt ached,
(a ?fﬁggﬁfgyaﬁﬁoéiagé'n%&ﬁﬁqqﬁ?f%ﬁ%@up§§§l§@%har%sm% &qy as one-

pichel essemb3iess, TRY whheh thewhikgUihePackade s6AN e e are
nmount ed, such as to a heat sink. In use, the tlange

attgghadcts Kb&t TlAPEM VABieFe fepenfingesin sihfk matrriilgief the
frah@MRLH Atk @%@i&@léﬂﬁc He Qﬂaﬁiﬁl&natérﬁ;?éq:gaecu‘i%ngflg material

damage or deform plasti’c, however ceram™c nateri
cangiglapaie twitheuthgedaning ohibghng eppremtiaee dafaged.

circuit package that enploys a 20 ceram c frane can

t h8r eLaFRit bpagkagarian Ppriigh-ovenediet ayhireatly ofncludes a

e i ld g S d ed .t a C S .
seiple it U6 Do A0UEL 81 AR BAT e  eutect
soldgpangi ofihef ftanesr tyPicaidy, drcamdes founthegeféatumess, such

pi y a fot sten_.alloy by a
as S%Q:er %@?%§|8?33ﬁ92%r|Fﬁgﬁﬁgﬁﬂbr%@%sé%gﬁﬁ%% ¥§§¥age can be
moupkedessutl awrio expeasi vénkandn timsse,t hevenellange conducts heat

froﬁggggc&%giﬁyigk hggtres [ting alloy is limted

oveé ermal - conduct Vvity can be achieved through

i1 Sh8oB1Bh, FAREREAEESF JRERNT P FEERGh pr BiBecor & | Thange oo

dambygeaor| aldfoah elaptHceSEowdoeVesrdmies Gndic?GRISERral &ble to
0 Alternativel the di e _can

..ve Xpensi ve. . be
withSrandobiTe RAE | SIRGEPYFOr Aot uAtEc RRREePRetRRngploys a
ceraffic| famd i, appeachr&NY eSsumB16d pOWr to the attachment
of the die. A lid is then adhered to the frame, such as by epoxy.

To match the coefficients of thermal expansion of ceramic
frames, flanges for these frames are typically made of a copper-
tungsten alloy by a powder metallurgy infiltration process. This
process is very expensive, and the thermal conductivity of the
result;‘.ng alloy is limited. Improved thermal conductivity can be
achieved through the use of copper-molybdenum~-copper laminated
flanges fabricated by an infiltration process followed by a

lamination process, however these processes are very expensive.

Alternatively, the die can be attached to the flange prior

to attaching the frame and lid. This approach enables use of low-
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-2 1 tenperature plastic for the frame, however

adhesives used to attach the franme to the flange and

tothe lid performless than satisfactorily. These

adhesi ves often create inperfect seals or permt gaps

to open during use of the circuit package. 5
temperatgrenopéastser Loaf the cmfrtamsac Hazg@srepr eddhesgiotest oused to

e r apges f ares. a
actaBBAST Frant SPYaEne bl T 1R L BR R than
satIEfa&{bﬂﬂEWEhWTHa%éThﬁdhdﬁi&&lt dﬂteentdnaatproummkrfeatlcwuals or
| ece- count 10 circuit ckage that c

perfiEhepat nEgh BPESar FHERS erifht at OF o5 EiandobhRILY
Furﬁl_&@ﬂrhdhﬁa,ahhgéﬂ@t b];ﬂa|daﬂlfc&£a| @dc&ﬁ@e@aplﬂaﬁefomo& die, inventory

Wit ho teuse adhesi ves e circuit pac
128567 gt BB Sa LG DURaFI S Find 62 aRaattaching
diecaapﬁﬁaﬂgégm to achi eve thls herneticity and

tenperature tol erance. This conbi nation also 15

provides a circuit package that exhibits better

el ectrical and thermal conductivity and nechani ca

integrity thanBR3RveRUNMARY OFcTHEUINVENEIKADes. The

circuit package includes two parts: a

fl e I ; j I' n T a

) FIESEARERL) SRR GO OB St bldee TR s cost
cirEhetfpan@egen¢haUe$aa dﬁahataadhhaghad&@rﬁbbﬂd@dtbyperatures

t he fra A seal d |nS|de he fr al :
E’mdbocuar‘lrblarp gl%etmeeneFﬁe chia e ad]'eto}weg1 ]?ar?ea%g%g £ a die,
w:l.tbetlwe’e]metllma |lcefadsihandvésne 'ﬂ‘Heﬁliﬁ.rcMht epacakasge‘ @Iesh.kjﬁ employs a

st f d ta
nungE 2 Tas R ATERA e Rl Bl | doneti doRe Mol apniewp £nis
herh@tﬁ)ﬂ:ﬁhﬁt adot ﬂl't%ﬂ@bﬁ:athret eﬂ’fﬁﬂ!r&hbées Tlﬁlcme camﬂbllalaltion also
attache to t t.he | | electric
PrORSAARA & oS It Sthar ety Sofet figgtricar and

thermal conductivity and mechanlcal integrity than conventional

package.

circuit packages.

The circuit package includes two parts: a
flange/frame/lead(s) combination and a lid. The leads extend
through sidewalls of the open-top frame. The flange includes a
die-attach area surrounded by the frame. A seal is applied inside
the frame along boundaries between the flange and the frame and
between the 1leads and the frame. Materials for the frame
(thermoplastic, preferably liquid crystal polymer) and seal
(preferably epoxy) are formulated to withstand die-attach
temperatures. Once a die is attached to the flange and the die is
electrically bonded to the leads, the lid is welded to the frame

to seal the air cavity around the die.

The flange, frame and leads of the circuit package include

one or more structural features to maintain mechanical integrity
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to seal the air cavity around the die. The flange,
frame and | eads of the circuit package include 30 one
or nore structural features to naintain mechanica
integrity -3 of the circuit package wi thout use of
adhesi ves. These features nechanically |ock the
of firengeimndtl gsctkage WHehbrhnmesat ofheidhesiespecTheyge features

L ons. di £l fi |
mechAERPET L 2pRin th BRI 407 AGAOPng L e DI STARFag thelr

respeediv@hpunatienis.on feature can be, for exanple, a
groove or ridge that includes a dovetail or other
under cute ceobsdsreti onaheshfipmgeThdefiresnopl aftdne retention
f.r i.s. nmolded . to the fl.ange, such_as by inj.ection -
o R RSB S B R Borreon BRI Re FaRREre con
be,a ey dstratplier, ear egrddveororl Or Bdguinchdthei i ehirds &N dovetail or
f eat ure us nechaniqalgﬁes curing. the frane. to the

t . .
other, YRS PRE 4 FEPRRT S o aPgac ADpekierRePlafisl onrame is

molalednote I@rd flehgs)i aucheakhyr sy t angeediént R ll@ad.t Opuring
the frame. Duyring the nolding operation, the franme is

molging: ng ROFtAPBURS (the ITFaEe HrRR 5 ko did fieafzes in or

arddistHe t&ieeddidie febBlifegh S indewahhcff1§ N dr@NB: the frame
into the air cavity area. One |ead retention feature

to fdei H4879@- | east one hole through the lead. During
nol_di ng, . sone frame thernoplastic flows through, and

théft FEEHEE EHPORRBSRY esaghuleadclhfgidare qreacpr more lead
retenthbh tRQtuBsf £8MecAPOt REE l1R3d &) &ild OB {iRAT USEring the

provi des a hooked edge, ridge ‘'or other structure on
molgdngegperdiei@hd tde fhame ekl alsat moddedearowsd fihe flked, which

InksC Vb o8E This ct I.S1,NQt - aL-W.ih )
ex el S gt e TG, BLIGL B30 p00CLPIT0 AL erame
intfr tbgegingeaidty 2Fean out ward-facing portion of this
structure, thereby creating a
One lead retention feature defines at least one hole through

the lead. During molding, some frame thermoplastic flows through,

and then freezes in, the hole, thus locking the lead within the

frame.

Another lead retention feature provides a hooked edge, ridge
or other structure on or near the end of the lead that resides
within the air cavity area. This structure is not co-planar with
the lead. During molding, some frame thermoplastic freezes against
an outward-facing portion of this structure, thereby creating a

mechanical barrier that prevents the lead from being pulled out of

the frame.

Compositions of ‘the flange, frame and leads provide matching
coefficients of thermal expansion (CTE), thus reducing stress on
the respective junctions between these parts. These compositions

also provide good thermal conductivity by the flange and good
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mechani cal barrier that prevents the | ead from being
pul l ed out of~ the frame. Conpositions of-the flange,
frame and | eads provide matching coefficients of

t hermal expansion (CTE), thus reducing stress on 30
the respective junctions between these parts. These

1eé!%'IE?f°t' LM AL LR’ WY dengOootddier ARy GRAUEiAY %éy % one

ange and good -4 electrical conductivity
embqdig@standthehe fleagge. 19 nmede whiodiamehight r@ﬁpe&hgéon’cent'

augnllser%ézl I d:ﬁ%"u %ﬂl@h SRPREL G t%@.&con%’bﬁgmrﬁﬁ%el}y @lr other

Zirconium silver or nateri a
matdrriaé,notlnelan@rtb@dl wmhpdlmemat,l edts beadsreake whade awitilgha high

coppp% cﬁnor %Ongﬁgﬁen@é{g r@? rge}r/lla o Inlétl %IEFnlﬁrli?élto,f pihrogBhorus p

rus c and/
zmaanmdbén e n’mﬁerlgtdaprilnt qzetf | sdoghein enfvodimant, fglraphite

a moisture barrl r. These gar flak and o
r1aedite Vi e, Frn DS Nk ? FReqE ]l flakes
andt&Eheﬁl&ﬂﬂjt1vé§ mat¢hﬂﬁﬂefdﬂﬂndﬁamhbef&pmbled thethE of the
exterpor or i.n or of the fra nd/or lidt ,
FLand-r . (S8 SLU 6O n 19 « FRPLGRE] o he apfterior or
:.ntéizﬁi\dﬂ Yof BRIEF PESGERI Bhd@bl OR iHEL SEVERAIheW E¥E&ddde Thibisture
W NGS These and ot her  features, advantages, aspects
lnf%&ﬁfatéﬁﬁoaPﬁ%nEQFcﬁlq:ﬁéva%sent invention will becone

nore apparent to 15 those skilled in the art fromthe-
followi ng detailed description of an enbodi nent of the

Pr G36He HRYERT bPINEN Thﬁkgﬁy%%ﬁ ﬁf&%fs‘iblﬁgﬁgs tSkadfi%as

acconpanyi ng draw ngs,
perspective view of a circuit package, without a 1id,
acBest ngand onetkswhodifgebures, t hedyeasegesi nversdeasiys  and

. [ Iy h ' '
cnoBfufi B S S BEEFAEE RN AL DEeCLAE Ul PR <o
thosepskikEwdfim tdte igrtoffdomadther £wddowsng hdelsailed description
of an embodiment of the present invention when taken with

reference to the accompanying drawings, in which:

FIG. 1 is a perspective view of a circuit package, without a

lid, according to one embodiment of the present invention;

FIG. 2 is a perspective view of the circuit package of FIG.
1 with a lid attached thereto;

FIG. 3 is a top view of a strip of lead frames, such as

those used to manufacture the circuit package of FIG. 1;

FIG. 4A is a top view of the strip of lead frames of FIG. 3

after frames and flanges have been molded thereto;

FIG. 4B is a perspective view of one lead frame of the strip
shown in FIG. 4A;

FIG. 5A is a cut-away view of a portion of the circuit

package of FIG. 1;
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t hose used to manufacture the circuit package of FIG

1; FIG 4Ais a top view of the strip of |lead franes

of FIG 3 25 after franes and fl anges have been

nol ded thereto; FIG 4B is a perspective view of one

| ead _frane of the stri shown in FIG 4A;, FIG bH5A s ,

a chftfawdf vife® of Gt G vofoht e RIFTAN Ofba@ka@%ternatlve
emBbdbhént 16f thdlc@rcbBti Sackyd v@waycyi gw of a portion

of an alternative enbodinent of the circuit package

of Fki€s.lenFbGCRarebArosar-aebt 06Saseeidwnabt ViBws NbntBEof the
A ange "of the circuit package of FIG 1 show

cigfpdl HRFEgeorO et act urtOWBNEhdIEES; $Ha88S &Tﬁ?@facwre

theebBegpti c drawi ngs of a die being attached to the
flange of the circuit package of FIG 1; FIG 8A is a

det girbed PBRLBPLES | Sctharia@WcOblir&litndLats 0fdith®eiayr stitdched to
package of FIG 1; 10 FIG 8B is a_cross-sectional -
thg 44RrRER 0P SR AT B ePRG39fe O Te BB di fent s of the

| eads of the circuit package of FIG |,;: FIG 9 1is a

schéhBri 88¢crids& %ailgﬁgl PHFEBPSH S YW ¥oreh orbe greddse of the
cifrcafe phckéige f quict. package of FIG 1; FIG 10 is an

enl arged view of a portion of the circuit 15 package

of FiG. BrShewiangreealsectlétnl ldihgath LIB saveral alternative

cross-sectional views of the circyit ckage. of -. FL' G
nPOSRBRIEG. Pho ISR Re st THEeaPetRToTIRE TG, 1/

FIG__12 is a graph showi ng a rel atjonshi p,between .

Ui T8 bty R e ST b B O e ALAHEE ©F 2 portion
ofTaher Fahms Ubt afilee Jidlculisepaskagd dehergeal; of FIGS. 10,

11A and 11B; FIG 13A is a perspective viewof a lid

for rlee clo Ccubt an enlarged view of a portion of the circuit
package of FIG. 1 showing seals;

FIGS. 11A and 11B are cross-sectional views of the circuit

package of FIG. 1 showing two embodiments of the seals of FIG. 10;

FIG. 12 is a graph showing a relationship between viscosity
and shear rate of one embodiment of a material suitable for use as

the seal of FIGS. 10, 11A and 11B;

FIG. 13A is a perspective view of a 1lid for the circuit

package of FIG. 1;

FIG. 13B is a cross-sectional view of a portion of the lid

of FIG. 13A, according to one embodiment; and

FIG. 14 is a flowchart of a process of making the circuit
package of FIG. 1.
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package of FIG 1; FIG 13B is a cross-sectional view
of a portion of the lid of FIG 13A, according to one
enbodi ment; and 25 FIG 14 is a flowhart of a process
of making the circuit package of FIG 1. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention

provi des a fp@N1PkACERS@MWHT ION 6% THE PAGKRGEohat can
wi thstand high die-attach tenperatures and can

provide a hernetically sealed air cavity for a di
Wi THOUBTERENG JSWeBH LN EEPYALSs FRG 10V (REREeRROUAE circuit

pack Y &an CwithPaaknae dD0iekeaeHl RempereBeres and can
odi nent of the present Invention. For clarity t

he
prowcqqlecmhw%@lwo Se 1eRoRAPWERROLY O | 8, Offfe’ Without the

use be Cadtes Packagedloq @%Madaa éxéﬂn ey 102 ciatf idkage 100,
04 and two | eads 106 and e franme 104

aCC@rc&ﬁq itealPhg PHReAHIIY pﬁethéa@éesm%: inyenpiang Feromlarity,
thet he £LaR9& a0 ANt GRCAsOtdiRdwn AvtifouklOai st a@ﬁ'@d 01rcu1t

to a die-attach area 112, such as by eutectic so
package Wt igicdndey, a Eilenge 3Rdwsa ofiFgiend4iand éq%dﬁgﬁs 106

anal YBhCakly SSWQmQr1qgr@lﬁb@rf@a[ll3p%.r1%htl§93§dthg hR8ds 106 and

di e-attach area e eutectic so
108 ef xon rihealfilpngende2 tand giaghlebhewn. A Tliehdlp| agetbashed to a

dle-gﬁké?ﬁeg?%? f%y dgﬁfﬂlés §° &%HE#fEt§oE8é£ @f@y FJrréerlty,

to th | ange” 102. 1n use, the f |ange
FIG102 slows yilgaldng ddent ebltln@@h Herme coil bR tvotox e die can

ve YRS ol Fhot HPUDdLc Al GREanEL S Y OHaT S O o eads
1Q§h§”%568§t1§“§§1§§r by )y %iégﬁ%f’c Sra%dszowfﬁé‘eéf%eélo to

W 7 €S and 1 are prefeéera soni cal
thet dlahfe IleadSTh€6ealbelcﬂ.Dc8 sdlddw uight Cﬁﬂesajlceomtandleat away

eeofudob 2R 10,200 cBSIBOSGIAIR, BB Getl CchYitinge 10z 1
typlE81 By trﬁfur&:eld ¢c2@0heas Seew aidtachedn) heyeboltas (not shown)
extgg :an_!; b‘r(f"l'(iirclal,{]ghrmsrl(:"otds(:"tlﬁl6J atr)l%I q.VfB The die 110 is electrically
bonded to the leads 106 and 108, such as by wires 120 and 122.
These wires 120 and 122 are preferably ultrasonically bonded to
the leads 106 and 108. Although one die 110 and two leads 106 and
108 are shown, more die and/or leads can be used. FIG. 2 shows the
circuit package 100 after a lid 200 has been attached thereto, as

described in more detail below.

The circuit package 100 employs a number of mechanical
features and compositions to hermetically seal the die within the
air cavity and to tolerate high temperatures. As previously noted,
this combination also enables the circuit package 100 to exhibit
enhanced electrical and thermal conductivity and mechanical
integrity. The following description begins with an overview of a

process for manufacturing the circuit package 100. There then
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25 The circuit package 100 enpl oys a nunber of

nmechani cal features and conpositions to hernetically

seal the die within the air cavity and to tolerate

hi gh tenperatures. As previously noted, this

conmbi nation al so enables the circuit package 100 to .
folkows biat denhaneed @dandipbteah apd s medlLRRAUADRVI bitd  its

and mechanical 30 integrity. The faollow ng description

manpsitisen tHidh tYelPledred BY Hf@ddsdr (escriptions of the
leadBANWEAGHE 1108, t BBmSbd BUidh RCkage1180iq T&e};&ahh?alym& used
follows a detailed description of the flarnge 102 and '
forithe HeAMA aklinr & 93fls arplied dpeddpythet rpeg 104, the lid
200 G8RCTE PibeBss Ofof Manulrgadsr 146 ci@8ui€opRosidd amoof
the liquid crystal polynmer used for the franme.104, a
seal applied insidguﬁﬁgcﬁﬁgﬁﬁ%k&%rvﬁaa lid 5 200 and
a process for nanufacturing the circuit package 100.
Megnfca@hurpakQesr viey GiécabdinRackadere 192esaa€0Mdividdtion,
to the present invention, are preferably fabricated
are prefprpRly, IGhricared Jitni FEFLIRD OfortfenticSdsy similar to

con$éritGna1Paakeaes. phkfages Shems, a3 skhdws 3Q059£iﬁ|> €860 18r 1ead
franmes, such as |lead frames 302 and 304. Each 1ead

framggnesychic lagdegadt %am%@,z SBch 394 - t hack W@meg@'@cludes
two aleb R08.sudh QR +BEDQULKERI at WoeNahhesbgadrd raqe e?t[tdeEment,

300 i s stanped or etched, holes are created throug
whep hgheed@adad@aggd Heep BPAnplessampaseser hekebedy eholes are
Shay 0 h dalhes 0 e C f
reto thg.ﬁrou%é Itg%-ds 3 6ggﬁdagé8?@%'s E}é%glgg%geggiﬁh%eét‘ al | s are
showe| a, 3APt efhere hoadesf Babe ager inse80do slankles &rdmeanto the.

' . refer . i nj ect. jng, to each
teaps A% 450 30B v ok Bhal Eh e} BRANTY, D e e

e ' ' 1f far , ch_a

1O A e e BiEh. SOBTES; maddE " a2 EeehEls, noldes,
preféwnisl ey conjsation gaddingnetd04acheddadr dmesecafi ke lead
frarﬁé'psﬂj.lli d F‘I&ql X%d&?clvlsy tRe h.gaétleragr?e %[trﬁ.segéo.%.oafter frames,

subsequent “manufacturers,
such as frame 400, have been molded to the lead frames. FIG. 4B

shows one complete lead frame 404. Lead frames can be supplied

individually or in strips or reels ‘to subsequent manufacturers,
who attach die to them.

Flange

The flange 102 forms a base, to which other parts of the
present circuit package are attached. In addition, the flange 102
typically conducts heat from a die to a heat sink and electrically
bonds one terminal of the die to a circuit board. The flange 102
is preferably made of a high-copper alloy (at least about 50%
copper) to provide high electrical and thermal conductivity and to
resist annealing at die-attach temperatures. The alloy preferably

includes at least one trace metal. The flange 102 preferably
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who attach die to them Flange The flange 102 forns a
base, to which other parts of the 25 present circuit
package are attached. In addition, the flange 102
typically conducts heat froma die to a heat sink and
electrically bonds one termnal of the die to a

ci,rcui t . bqgard
consy e o Bl JEpk SPIcctBer) BngBhELA0L ot oo ane
aboylr O\Li. 8@ hzghccai:emt Ir| aathatmght ferhesd  bogduenpan y rafidos are
acceézl(%1 gg nSS‘I %@?uﬁsrgaﬁ ?f a/i] [.|:§E35 e§bo(ﬂ:1e99 9%

ace met al

copp'Efie aﬁﬂm&ingboﬁﬂz Opﬂef ezna:laloyxlumS dﬂnwprflgelgeathaeass aefierably
8% en 0] d b 5

e.lecltirro gﬁegﬁ,‘ w&%?’hoéljbg%u %o nger% rafl gg&g&l géb form a

difacsent albdxﬁrleﬂwelayangandm&hmte ﬁeMpabfyn@mmrp§eszold to

b % o '
racfiiae o 0{?13,1 5’%%&@#38“0 HEEATE8 Wi th about

100 n1cr - hes ckel f
SRR RISt AL 0 FHPLad L VL. cpoue 99.5%
coppﬁ:ii(‘élr{d ta’l:toﬁhltsm dgsas ngilver dlaelthbﬁhghootherfhmtgﬁ:opper ratios
ernative the, fl ange 102 co t t
are %%ta@&[?pe¥l ?imd'Brbl:]'ts BIrBE8sLreq | eISl Xfa%hotgg%au%%lﬂ alloy
maddl G?tﬁoﬁgﬁcfoﬂlaﬁdl Q&an L@naaenaacamgh@i: ecoﬂmafmmuntrewts and thus
preferre o .silver ecause an 0 e
broRi 40 PR HAT P TRLAH0n SR PERELCRb iRy BhaRt Afs it 18
nad®’ Q¥kde fakker tomr rmipp%&dzelreeﬁimalalwy]dpebvmég/ a flange
than if it is pade with silver. The ger- zi rconi

Wlthlﬂo?hiﬁ@ﬁﬁcﬁ9?4¥°FPHﬁ§% SVP?WFQthﬂNHﬁ&P Caﬁaug?Pgﬁ{)ﬁungsten
andsutpcgﬂr_ -nfﬂgﬁaéﬂﬁmﬂé&pp%(%ppﬂaﬁg@@,st QRidR 3é’if£bles a circuit

denum copper flanges, which enabl es
paCkag@uthatpamRh@EStﬁmh efﬁrplfé?%g%u% a FillﬁnﬁétéFh%ddlt@ such a

flaﬁﬁgacéngdfgsipgge mégeanQSWéP (Hﬁﬁﬂ pﬁffof“"é%tpoﬁﬁékages In

an prior packages. In addition, the
addtbpper - mhmomwarzwm Bl&REr bamed i Rggher annealing

temperature than most high-copper alloys and is subject to less

warpage as a result of being heated to die-attach temperatures.

As previously noted, the frame 104 is molded, preferably by
injection molding, to the flange 102. As a result of this molding,
the frame adheres to the flange 102, although this adhesion is

typically imperfect and subject to breakdown due to the heat of

soldering and operation of the die. To overcome this problem, the
flange 102 preferably includes a mechanical feature to

mechanically interlock the frame 104 and the flange.

This feature is shown in FIG. 5A, which is a cut-away view
of a portion. the circuit package 100 discussed above with
reference to FIG 1. The flange 102 defines a frame retention
feature 500, which is used to mechanically interlock the frame 104

and the flange. When the frame 104 1s molded to the flange 102,
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tenperature than nost hi gh-copper alloys and is

subject to |l ess 20 warpage as a result of being heated

to die-attach tenperatures. As previously noted, the

frame 104 is nol ded, preferably by injection nolding,

to the flange 102. As a result of this nolding, the
soméréﬂﬁtﬁghf$éﬁbtﬁbﬁéﬁiéw %ﬁ%%51Q%toa|Eﬂauﬂﬂehhf§eezes in, the

adhesion is gpl cal'ly inperfect and subject to
framg egedontighe feature hélP, of tomning déri kgyanel2. The frame
ret QPSR! 1QA1Qke! Bgodi fs 10cRUEECOUE Il earr%*f& g Lhg the key

ange 102 preferably 1 ncludes a nechanical eature

502 nbakemi eal by dampdemsakarhepteiiiee 108 uhd the frcazﬁge.key 502
mecHal a8 uiﬁ%éfiégy%““wi{h FLGe SAamthi £8drsr 1@ LUEs 500,

view o0 portion. the circuit package 1 01 I scusse
themm/epmwemtlag tokefeave 14 Ffm baing fduldgd 882y from the

e 0 i

fla‘q%é nmec an| ca %“ thkaé h%El sgln‘% %O%wan dt('%ﬂe%%%geen the
framé amgie.th‘ahémanbe frame 104 is nolded to the flange

102, -9 sone of the frame naterial flows into, and
t Here f rfioemes ratention f faaburet 510 od.nfcdatase HO0,least one
formn y ret,entj ur,

und Jé% apg?%slé)%sec Ionaggp}s%@e n, 11.; %eadqﬁ(ntﬁ%ksé ?Qge 500 is

pref)asn:ablgprml dowettadrly ghiapki, | ehléﬂh] u&efiﬂms f‘thz aemdencut0ortions

an [ nterl ocks w frame retention
504 % %&% ¥Jtlnf’ﬁere“bosspr‘sg\(f%é ng'ght"“l"ﬁ’gsfraﬁ}‘letlr‘lois‘fron'1I L or
lolb:Epcb]:g [atlel edcapaybIis.om t he fI ange 102 wi t hout
requi ri ng an adhesive to be added between the frane
anall tHeadgHh at&n@efrihe b eare: iroet efreh'rtonefﬁao usleowrOdn FIG. 5A is
Qne ercu

depiriadtl Bedivort e RESPER T A Enttr ShB0BLrage 102, the frame

ret@hef&l abéaft@:édoaeﬁt aaltshRevelhi ghadef preadt wa the adjacent
undercut portions _504 and 506. Ot her cross-sectio

surfyeRyesas g asiA FIGt oB- %‘W#rﬁ&pwearfela&a@e&to% éeflnes a
frargit haughtibe frealBrietebhi Ahateadudm SPEbENo¥n kReFlddjacent
|

surface? When a frame 104A is molded to the flange 102A, some of
the frame material flows around, and freezes below, undercut
portions 504A and 506R of the frame retention feature 500A. In
this case, the frame 104A defines a key 502A that is within the
frame 104A.

Returning to FIG. 5A, the frame retention feature 500 is
formed in the flange 102 by a series of progressive stampings.
FIGS. 6A-C show cross-sections of the frame retention feature 500
at various stages of manufacture. FIG. 6A shows a flange blank

102B before the frame retention feature 500 has been made.

FIG. 6B shows a flange blank 102C after a first rectangular
cross—-section groove 600 has been coined in the flange blank. This

coining operation creates walls 602 and 604 in the groove 600. The
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15 depressed bel ow t he adjacent surface of the flange
102, the frane retention feature can alternatively
stand proud of the adjacent surface, as shown in FIG
5B. Alternative flange 102A defines a franme retention
feature 500A that stand proud of the adjacent

groi‘%ég, ‘is pd:%fa 6a¥>%‘\é ?k}oé‘tAd Soz”%@ﬁg?t%léé‘e éin?%%q_on A) and

sofme nateri a | OWS a
prefeesiyios dbeaw) . 0bdbtchds dpept i(dlrserizlidh B)d 506A of the
frame retention feature 500A. In this case, the frane
108G defoCneshawskeygh&0ZFAahbat 102 wfdem ahesedondnerectangular

104A. Returnln fra retention ..
crofgatsre o e 606, bt brtq b REE BFETHHE" £iret groove
GOOSE‘[[‘heSsef:omiOgb!EJSSmg/EOpéJai”qildmgﬁefoEin@SthéAw@lilaO\SOZ and 604
secti ons f th reten feature
(165 Bl G Hodmsr sotorRse rhH LD $HR gef of e
grobt@nkDe fidhzhid db e 0l Jes tm.ﬂf raania G0elre Midran tfheaturderoi@sh&94 and
been nade, FI G 6B ovvsaflane 02C after a
5067 PR BF SR ARSAr #130 EREeeeich oo HBr o5be S fgeott groove
sosbeﬁg Giefedablyt bdutangeod! aitcheshi $1d€0i iif@nsion D) and

peration creates_walls 602 and 604 in, the roove 600
PrefREabLY 0AgPBGy Q- b0 1PShBP oFSFRbI EBBALOD. 63 - riffestesulting

dov\éﬂ:gfl(%ﬁﬁﬁsuﬁh Ay afMhlipref eimblsY oAbt Qb@@tl MGIB6S inches
deep (dinension B). FIG 6C shows the flange 102 after

(digenademd Floct ARPTLRE B8R osIYREEI%N %Fr 06PLUE060n8265  inches

(diReRB:i &R Med 1eebvkbRakhd M &) 9.r509¥€fe1.5a atTh%a§€CQB@ut 0.005
col ni ng §Rerat ton deforns the wal

1n063)3 feau ﬁgl@ﬁ@mlt@rmailamyguergrﬁtiﬁ?cﬁbmdtw%p ltﬁed for
gamgr WVE. Def ormed wal |l s 602A and 604A formthe
ercuts 504 and 506 di scussed above, with reference,

b .
ghl ncﬁes Wi n%?%q?r)gﬁglrgﬁﬂg) % 1‘%‘%?@ g??b% a ou: stz
mamr@al|Me®Im@tpaemﬁstm fCpnge THE2 1 exnd Sk, material and
terfRYELALL SPARR DA%nB 20R) e HeERSE o0 AnIOYe h0%Function

between the flange and the frame, cost or other factors that are

now well within the skill of an ordinary practitioner.

The flange 102 also includes a mechanical feature to ensure
a good heat transfer connection between the flange and a heat
sink. Heat sinks are typically machined flat on one surface. To
provide a good heat-conducting junction between a circuit package
and a heat sink, the circuit package should lie flat against this

flat surface, without gaps therebetween.

The stamping operations (described above) performed to
create the frame retention feature 500 can deform the bottom of
the flange 102, thereby preventing the circuit package from lying
flat against the heat sink. To ameliorate this deformation, the

bottom of the flange 102 is preferably lapped after the stamping
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(di mension E), |eaving an overhang of about 0.0065
inches (dinmension F). The overhang (F) is preferably
at | east about 0.005 inches for the liquid crystal
pol ymer (described below) used for 15 the franme 104.
Al'l these di nensions can vary dependi ng on the size,

oper@li®nisal 1ANgad BMReY ke efniha dil2 ngﬁc§9331ﬁ E%HE 481 ckness
material and tenperature of the rame 104,

(dinpngiodd GtientkGh ofRlvheryafircibdl theeRenh 10hé2\5I anghes, can
redtfﬂléj ttth ahbBAE, of Qﬁatfo%ags.gﬁrci@s‘?éd) by that sfhfpikf Jfb%‘i"atlons

within the skil an ordinary practitioner.
and fqaah@élmaabﬁ skhs ﬁ@%ﬁdé@ hapedmiatglmf et the ﬂcange 102
ensure a good heat transfer connection between the
f |IRifferenges héat ceehkicissds sphksthermal piespangion (CTE)

bet B ithd clflkatllgnaﬂ@etﬁéifflaﬁ%e 192 BERVALEodn flan e when
heat - conducti ng junction between a circuit pac

the gdldea heatsadidgkedt Heo citheui £las@ckagelGhoul’8-Pi es¢11eaftatlcally

111@59@&%% tHisS cifbahsSMEEACERTAM tHOWNGRPS tf*i%ggeﬁ S”mth a
The stanpi ng operations (described above) perforne

flatrkeitton HEOT rante o edientidh fhedt hee 300 @@ﬁ @@h@rmoﬂhered to

the bPH Ofs 1508 fn%@é‘ 1101214A3('§&%%fg¥tgg§|&’ ﬁﬂ%érp%%élh@%dt The CTE

t package
of 3| nhppé’n/ zimtdnduat €lahos def (appao::mra,tet]lye 17b<npm>’rhcof whereas
the (S R (BCe 1Modrt U BROtOrBRRES 4 iy, Sho R Mo ate

110t 4edt makgmssozm ohmrtseamadG ttcn dﬁl@erSA}ne dpeefter a:tMey flange,
the Efglfabou fg' 125 inches, can reduce the anpunt of
ANESuRERA the stanping operations and can
e.need,to

m nate t e botitom of t fl
P AL e 8 3P Eder 7 Pe G Eor a2 ¥lange 1020
cooE)(péﬁl'se@tnlc( JFd)debet e sidiendive hht@easd bhe fthanddange and

ase LEFRLEI A TATE AMBEen, Ui U odiBORlTte e o

verg¢i K&t E{raN ot Meby dAcshoas @né‘rdf@mge &ﬂatbmuacetlon of the
flat_bottom 700 and a die 110 that has not yet bee

top o 3pFEacs) 198 of the flange 102D is constrained by the die 110,

which has a much smaller CTE than the flange. As a result, the top

surface 702 of the flange 102D contracts less than the bottom

surface 700, causing the bottom surface to take on a concave

shape, which can leave a gap when the flange is mounted to a heat

sink.

To counteract the tendency of the flange 102 to take on a
concave shape after soldering, the flange is preferably given a
slightly convex shape prior to the soldering. FIG. 7C shows the
flange 102 before the die 110 is soldered thereto. The bottom
surface 704 of the flange 102 is given a shape, whose convexity
(dimension H) 1s greater than the amount of concavity that would
be introduced by soldering. In one embodiment, the bottom surface
704 is convex at least by about 0.0001 inches over the length of
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10 the flange. Solder material 114A has not yet been
mel ted. The CTE of a copper/ zirconiumflange is
approximately 17 ppm’’' C, whereas the CTE of a silicon
die is approximately 2. 8 ppnmi'C. As the die 110 and
flange 102D are heated to solder the die to the

fl ange, the die and flange expan 1 ter, and .
the SRAANGSn PG AEheRs PTROMSTEL0 Winr PPERGL PoBRCe 704 is
com%%@' by EHbERéES SRbEET 0 106103 s uneiess yahar dbast bub0lbeinches.

| ange and die continued to ,cool and contr

Thisueeoit G0 doh 1999 SRR AarE GRTLAGE JaFGoTer such as

the dHGidéﬁL %h@écﬁ’frﬁrq@e tRedforheachumderpf sibe ah@pplacement of
surface flan%e 102D is cagnstrai ned by the
die jyaldered 2o HRechLangS athacherRae dHErEaRAa e¥s of the

flaé ANgRs AR BohfStiod RE tRR rhadACTofdénBiohdle flanges are

ange 102D contracts | ess than the bottom surfac
typﬂm)llxca%mtﬁg ¢ A DA% otn W% RS Tk - ot afs 3@1‘3‘““*55

(dimbER&n VB o Gafs | ewe e ggeemﬁabihheaﬁé@mge 135 inches can

mounted to a heat sink. 25 To counteract the tendenc
redote t heeﬂm@tloczf t gefoRatdona CakifdaVRy shipe sefdgring. The

botggrlndesrur'%%cet hc,eorwe@ﬁQg t:asepg?cgféﬁ%l/y g'ﬁﬁéar@ed shdyghtl Yeoining

onvex Shape prior t [ derin 7C shows t he
proteasge all@onghor ethdre precea@es,s wpberw sRadépg, TeRRding,

cas Niétom %%%53194 (?é é% fl ange 102 is given a

VEXI |nension H) is greater

?‘g% jlpan%q\{ O’Eh OE%%){# yibhat, syl dypebegidt 1 pfuegd been
n one e ment, the bottom surface
sol&@éeds themetn and dastth byawboapoDed00The n&RES OBy dunfage 704

12 t.h a n he h
et g1 B iR MRyah " sBABLT cimEb R gL icn i
mounfiehesoand hQEGUBlﬂkDOﬂ@rdermrmlle'dhibs' mounPing afckRws to the

vari ed dependi ng .on vari ous f ors, h e
fl@aﬁdeﬁﬁsnglchaﬁ%alugv Yy ehe fﬁm%er 7o) fat C]:tel?l the flange
agalh@€eNk&dt Ofsimkdi engoldieaedst oat h;i:d‘dl ahgat-ttendfengt fipnction

wi dth and t hi ckness_of the
between the flange and heat sink.

As previously noted, the f£flange 102 includes a generally
planar die-attach area 112, to which the die 110 is soldered,
epoxied or otherwise attached. The die-attach area 112 is
preferably flat to within about 0.001 inches per inch, and more
preferably to within about 0.0005 inches per inch, to facilitate a
good eutectic solder connection between the die 110 and the die-
attach area. In addition, the die-attach area surface roughness
is preferably less than about 30 micro-inches for eutectic
soldering. The surface roughness of the bottom of the flange 102
is preferably less than about 64 micro-inches to facilitate making
good head-conducting contact with a heat sink. If an adhesive,

such as epoxy, is used to attach the die 110 to the die-attach
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fl ange and the conposition of the flange. Convention6
flanges are typically about 0.040 or 0.062 inches
thick. A flange thickness (dinension Gin FIG 5A) of
preferably about 0.125 inches can reduce the anount
of deformation caused by the soldering. The 10 bottom

ared YIACTHK St ex' tth Q£§£ ey éfefé%rl G10¥ 2004 BHRE about

rocess;, her “processes, h“as ‘sandi ng
0. Omﬁandidhgs peasima:ig aard fsmogthngtqrve.téwmepbabt e64 Ftt:@rO?mncheS-
shows the flange 102 after the die 110 has been
SahlomY exb t peeetausiyd fodied, hahe ddeinge. 1DZ2e dngtludes mounting

sur e 704 pr. c ex
s108hn g S8 A 13- [ PEREERR I ot o F1hbYs A e nclude
thréﬁ%eﬂi%&raguﬁthedabydmmﬁhm $olews Io these fdzaege (ths flange
indicated b 06, and 708 | ange
102 553 ﬁ%? T rﬁ? é"ngl SEFe5tRE %‘):gé% %ea‘fbﬁ{ke'cgtr? fgg bolts or
othéﬂnf&$t§heﬂﬁﬂéﬁkﬁhdﬂm§ ﬁhabgghanﬂeheabpenhkgsZOﬂthrnatlvely,
Vi ou not e a i_ncl udes a ner
the p]t'jg ZHOé gﬁ %g% %aé:hs E g%[ %Jb)étrate,

obvEgt Uief athe nepaxted mﬂunmuhgrsleEsattached. The
die-attach area 112 is preferably flat to within
about 0.001 inches per indwgadand nore preferably to
W t hi n about 0.0005 inches per inch, to facilitate a
25A§Opﬂeii5u§my(hdhéﬁd@ﬁthoneﬁerénnekxﬂ\MEéh ﬂhehﬁeefrﬁ@e 104
~and the die- area i.n _addition, ghe d|e
W

is Bpededy REREE LRGN Yo Jegtign maldng e oot C%Z and

to dHeM E4@s | TEhamd AseUbEBinG 15D | tAIdingG. oiEbEa‘BildSIf,adﬂle frame
roughness of the bottomof the fla % 102
104prie erakbisd | BESL RN abBERUTY hher aﬁéhejso‘{ o?nd 108, which

extgﬁﬁ' le-bat ©uFRkUBY 3@ FaQfcheathreagHuUGdegalDat 3t tiet NErame,
heat sink. If an adheS|ve such as epox IS use
1ntpot§§taéﬁ EABLEY c2ne® A6 fheedidTaPEadhis. %91%&%&{]. Lrame

adh%Q§8 & athach Al 166 péﬁ(ﬁ enggly 41edoddh Wehhé naahesion is
5 I nches per inch and snooth to within about 64

typiiceldyi hupesfect and subject to breakdown due to the heat of-
soldering and operation of the die. To overcome this problem, each
lead 106 and 108 preferably includes one or more lead retention

features to secure the lead to the frame 104.

One lead retention feature defines at least one hole 310
through each lead, as shown in FIG. 8. As previously noted, the
holes 310 are formed in the leads 106 and 108 when the lead frame
300 (FIG. 3) is stamped or etched. Preferably, each lead 106 and
108 includes a plurality of preferably rectangular holes 310
arranged in a line where the frame 104 will contact the lead.
During molding, some frame thermoplastic flows into, and then
freezes in, the holes 310, thus mechanically locking the lead 106
or 108 within the frame 104 and preventing the lead from being

pulled out of the frame without requiring an adhesive to be added
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Al so as previously noted, the flange 102 i ncl udes
mounting slots 116 and 118. Alternatively, the fl ange
102 can include 5 threaded or unthreaded nounting
holes. in these cases, the flange 102 can be nounted
to a heat sink or other substrate by bolts or other

betvﬁéie?ﬁ QREM $ef t@r@'tﬂkﬂa fﬁ};ﬁgg é@?o%nogﬁ”bf  fihe boles 310

ternatlve 02 can be so?dere
are rré”@tfegahrkymaormmel&u@@urﬁae@ by éthe framg 10&. need for

mounting slots. 10 Leads As preV|ousIg noted with .
r dHacdréeat ocrndictivitie offr Ahe l@ﬂdslls froantedl08 contributes

to RS epably1 by erﬂf%se hﬁeemzif_d' Re t mtflgggﬁa&QZ 9 The

to the | eads 106 an During the
Con%lénltwn oft Ive lfera@helOGlo:r |1§38rrdlsd&'t¥0m0@fcepabllytar puddteral,

o4 08y ol gL SISO Sl o

thrquqh(ﬂhﬁt%ﬁ&ﬂm%§r0$$1ﬁamésghaloaremiefnthdiﬂgadtheeﬁause the
hold &M o ANRIRS tthq_s t}]%osgagéc\:_l:?& nda% 9, (Alt RQUAB LNi$ . 5p

adhesion 1 s pica subj ect to
in M@aﬁdomhdureumbﬁnhemmtnent, s:cﬂed@nldnghapel opertat ihodes can

[ r c l.ead. 10
be §£%§J§%§jf% era ¥9£ H?'%gs 6%é%%%g§%%gglggﬁg lghF gf the
lead%al@ﬁeandolQécu@Eeﬁheabbﬁd tmethelésaBEOl@éduenetheadross—
retention feature defines, at t ope
sect il a 0 obe * (2hdhBhnbeRE ipk, SBSuRe 25ay pdtbpyon this
redmﬁﬂm cahebe hgtest &4 4 farhef ebmﬂ:uﬂmn:beotfeaﬂé 1 1anietg lead
when the lead frane 25 300 (FIG 3) is stanped or
meeEﬂ(ﬂﬁﬁignPFEfE?ﬁb?y each | ead 106 and 108 includes a

pluralit of preferabl rectangul ar haql es 310
ar AATa NHE SNl Y { RAATUTE 1R | FIRH acpf  Erame

thefidplgadc Ry n@arﬂofae@ga spde1berMehkherdddy asid Cand 108,
flows intog, and then freezes in, the holes 310, thus

while JRLRHHATY [FheKTRGUChECT el SRRAUST 1T tY0STwithRi tepRg- The

londéANMBikEds Btk PbeVeitHd Ngedtthdu@ad fHoradesn® apel [Bdrerably
out of the frame w thout requiring an adhesive to be

aligrpmbgparallel to the direction of current flow through the

leads 106 and 108. Depending on the thickness of the sidewalls of

the frame 104, the holes 310 can be sqguare.

Another lead reteﬂtion feature, shown in FIG. 8, provides a
hooked or bent (hereinafter collectively “hooked”) edge 800,
ridge, depression or other structure on or near the end of the
lead 106 or 108 that resides within the air cavity area. This
structure is not co-planai with the lead. As can be seen in FIG.
5A, during molding, some frame thermoplastic freezes in or against
an outward-facing portion of this structure, thereby creating a
mechanical barrier that prevents the lead 106 from being pulled
out of the frame 104. The hooked edge 800, ridge or other
structure is formed in the leads 106 and 108 when the lead frame

300 (FIG. 3) is stamped. Although a hooked edge 800 is the
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-14 between the | ead and the frane. As shown in FIG

5A, the holes 310 are preferably conpletely covered

by the frame 104. Electrical conductivity of the | eads

106 and 108 contributes to the overall perfornance of

the circuit package 100. The 5 conductivity of a | ead

106 or 108 is proport.ional | at er al
presw%%éweﬁ%rg%d}w &Pa oFEHGPeEREAEGs Other shapes

canC lHé eRded | OMkatpTyI0BFt RRmeeatbcdptabie s atizpesal axy eahown in
the | ead. Because the holes 310 reduce this

Croéﬁb%%c"s‘é@t iInEFCar 8B ¥s&9%8sErion line BB in FIG '

8), the nunber acenE t ze and shape
caﬁslBrE\él%lé‘-I]é’ctchf f”i‘n%g r?ﬁ%rqrggs% OEte# egt’l vehe leads
106CHMAUCEdevi dpe Ohisddietol eadst 20 1anNd dditheckr eftay adiley, 110 to a
. the holes 310 reduce the crogs- se 5 onal a_of the
clrcaal RPaﬁ’BsPrbfrhﬁbé&f‘ezs%eaaﬁﬁ%gﬁ Jéh‘i’“%d ?éguéfﬁoﬁa e of a
hlgﬁaEOEEeﬂré¥1 (bt 188s€ T Goppelty © ﬁﬂhﬁﬂd&sgbbdnglectrlcal
l ead " neets design criteria. 15 Rectangul ar }ﬁ

conglggt AV ey t #d akpuRRt e F?%n@TEtﬂgrﬁB%I 5T éé%h_COPPGr
1edds®§ASvand |e@.@l§t§:b@ai eggsadSbi ARy Ee8: J.\Mllélgaerlor to prior

mni'm zing the reduction in conductivity of the %%
artThéeadongahigh nenglisnd 1yt sompHiset atetl g‘llcllfﬁllesa@lo ¥ iron

(co%ﬁu%n&kf&ﬁﬁ%"é{ ﬁii%ﬁ Lﬂzepaf 'a%dﬂt@oﬁhetﬂérféadi@nl@é and 108

curre ow t hrou eads 106 and 108.
ard)gueﬁerﬂglynﬁhaﬂirpﬁlékﬁés%lﬁh FbestseR v grognchegeof nickel

to r%?rent 10é1 1! l?ac‘ é’gi‘aék?ouiio‘n@ﬁ hﬁﬁ.cf@ﬂﬂqches of

i on ure, Hown |n 8, provides a _hooked
golat ﬂ@eﬁhc(.hbtama#mboodhhecrbr vJealayi shddkeing thaddeadgo,
ridge, depression or other structure on or near the
endhef ldeis25l06asnd 0809r ates prieferakky deade ofi @n frlloy of

betfigen ahg¥ad- 18,200 Soeit| 4 Y fudik MirueRarbagaE, Ui bT5s ana
abdﬂﬂﬂﬂfﬂﬂﬂﬂ@hbbphnbpbasbetWéeﬁﬁﬁhﬂﬂﬂ w. @E%agadngbouhno 2% zinc, -
e\ﬁgég&f Zglngg %%E)t Iegn %fthtel?:l Sra‘:(: !Ct ¥ ethéé?rﬁg%’ferlals are,

however, acceptable. The leads 106 and 108 are more preferably

made of about 97.5% copper, about 2.35% iron, about 0.3%
phosphorus and about 0.12% zinc. Such an alloy is available from
Olin Corporation under the UNS designation C19400.

Many alternative compositions for the leads 106 and 108 are
acceptable. One such alternative includes about 99.9% copper and
about 0.1% zirconium. Such an alloy is available from Olin
Corporation under UNS designation C15100. Other ratios of these
materials are, however, acceptable. For example, an alloy made of
between about 0.05% and about 0.15% zirconium, with the balance

copper, is also acceptable.

Another alternative composition for the leads 106 and 108

includes between about 1% and about 2% iron, between about 0.01%
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mechani cal barrier that prevents the [ead 106 from

being pulled 30 out of the franme 104. The hooked edge

800, ridge or other structure is formed in the |eads

106 and 108 when the lead frane 300 (FIG 3) is

stanped. Al though a hooked edge 800 is the -15

p red 0 rt a enti@n feat
and Dot (Bap S BT ®,  PUsheel ar B U gy, 13
cobasﬂ‘lapebe’aweemhaizmutno dl%oszmdseabbutl i Ftin &Bdatthe balance

reV| usl ussed mnth eference to
copdf™y g g3gft Gl 3E5ese Ll chEt EERS G R B 078
Sucktormmnectllbpy dilse ﬁ&@ll&blae tflrmeId)l:hDaICdrpbrh'h:Borhl kmder UNS

.The .l.ead and 108 are made of a high-copper all oy
des%%ﬂaﬁﬁggsglégggtopper) to provide good el ectri cal
t|V|t tch th E.of e fra
° coef):pear lVSrow OSlfecrt‘rF?:]él Eggn&ugtlv]]tqf/s and 108

inc.'tth:Bsts Ibetsftq:eerlmowto (Qr3sorardd abéut eddd% whomh between about

014 Bt Srot Poy e 5os R wHo bF B REOP EaReoYbE Rhd LR 0- 2%

magr%&xmf,efa{cﬁbtl:kye eﬂ:@lzt(rr&plcaipf;dar\m tThealpmetfet@8d formulation in
i nches of nicke to for i f ion barrier
thi g I erRe e Re O cRERATLIgh | Ao BPBRE (b1t | 0TPAC| |3HeH 0-28
phospH®ehey)didpurr d.9%d mlgelesmg bhe kpads. 94% EbppéeadSuch an
106, and 103 5 %refer Iy made of  an aIIo¥
alleset hBemVatdaPle. f9PRnPLaBoGOPOseFirdn UrEet WSS dlsijgnation

c1o9Po®15% and about 0. 15% phosphorus, between about
0. 05% and about 0.2% zinc, wth the bal ance copper.

QRS HeM | 9Bt &¥ndtoee JorpBEL BESn aFBr tRRWEMRIds 106 and 108
acceptable. The | eads 106 and 108 are nore preferably

inchedesmdretoreeabaheu7l 5ok é@épébou%\b%lﬁ% xigpoberveen Akant 0.1%
and0- a%éhtph@s ogﬂéké‘fd ﬁBOLﬁo aggJEZ'WQS%S%%o@hlsoyand the

is avail b rom rpor ation under th
balapces grmnp@nr .C18u4do. %n;alADVerhat ianaidehpesi fr@ns Nigysubishi .

Ele&'FP o&%‘ﬁléﬁd 1 AR dggﬁgx@é@%ne csRgosuch

ternative inc o copper and
Yet another alternative composition for the leads 106 and

108 includes between about 0.05% and about 1.5% iron, between
about 0.025% and about 0.04% phosphorus and the balance copper.
Such an alloy i1s available from Kobe Steel, Ltd. under UNS
designation C19210.

Yet another alternative composition for the leads 106 and
108 includes between about 0.5% and about 0.15% iron, between
about 0.5% and about 1.5% tin, between about 0.01% and about
0.035% phosphorus and the balance copper. Such an alloy is
available from Mitsubishi Shinto Company, Ltd. under UNS
designation C19520.

Another alternative composition for the leads 106 and 108

includes between about 0.15% and about 0.4% chromium, between
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25 about 0.1% zirconium Such an alloy is avail able

fromAin Corporation under UNS designation C15100.

O her ratios of these materials are, however,

accept abl e. For exanple, an alloy nade of between

about 0.05% and about 0.15% zirconium wth the
amltancelscappesbohts @Al420taeLePIMbIRtw3EnABRSIE0.02% and about

a(#oern t,ive conposition for the | eads 106 and _108 ,
0% B8t FEENn TR0 hE L IIFANTPRASTUL D 139 2ldekwdan available
£80 U1 Q08 % a0re 2l r BrnsO8886 phasphocso7het ween

about 0. 3% and about 1. 3% cobalt, between about O.

1% angt adxostihehd hitedititvie daaipaBEeiogOfper .thEheleads 106 and

eferred anpunt of copper.in this conposition i.s.97% :
& cht %ucgefsl o?eg‘ge%aFP‘ngq e? f%m”‘ i ﬁb%? por g%l Gﬁcﬁﬁim between
abhiNg: OElﬁeS'ag?ahb&ﬂt %%gOSimmM§m@mehna?bﬁe 0.01% and about
C ositio or the s 106 and 108 i ncl.udes ,
0 o dhosBBar D, s90And T oBRLARG%, (SRR  hot HEGR Agbuplloy is
ataillaard AReutPddrdfoRhosRRBL Usorpetxetsh aliidr Ol %esignation
and about 0.2% nagnesium and the bal ance copper. The
®rred fomulation in 10 this alternative
conmposi.tion is about, 0.6%iron, K about 0.2%
pho Y RN 989 STEBRESF IR ahBT abGt 1ggsls 106 and 108
iSOnpRIs Hattlean abaaldtoxedbs axai hsbhe Mmﬁdmal,h between about
Cor por ation under UNS desigpation C19700, ot her ‘
0 7% o+ Ch s TSR B kST oo 413 76 apgut 0. 5%

mhded idRs Hedweas aRQdhcd. EYpped. abadt pre3Urked, formulation in
bet ween about 0.1% and about 0.4% nickel, up to a

; \ 1 bout .
Lyl 584 bRERPHETS s CaMRC Hd Onh i andkoWoppe?®  Bigkehn about 0.65%

s8l1&h, Sapnad | 8bL6s | naghdd histiDhsdi ap&hieCdBi Sy copper. such an
Cor poration under UNS designation C50710. Yet another | .
ableyr hat avaldshpesifitosn Flép tderposagsonosnday UN§ dwsignation
chgdgides between about 0.05% and about 1.5%iron,

bet ween about 0.025% and about 0.04% phosphorus and

the hal apRELKOPPEM termtiGiANcRdddM thdnair allee {648 106 and
Kobe Steel, Ltd. under UNS

108 includes between about 0.3% and about 0.4% chromium, between
about 0.2% and about 0.3% tin, between about 0.15% and about 0.25%
zinc and the balance copper. Such an alloy is available from

Furukawa Electric under UNS designation EFTEC-64T.

Another alternative composition for the leads 106 and 108

includes between about 2.7% and about 3.7% nickel, between about

-0.2% and about 1.2% silicon, between about 0.1% and about 0.5%

zinc and the balance copper. Such an alloy is available from Kobe

Steel, Ltd. under UNS designation KLF-~25.

Yet another alternative composition for the leads 106 and
108 includes between about 1.9% and about 2.9% nick_el, between

about 0.2% and about 0.6% silicon, between about 0.1% and about
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desi gnation C19210. Yet another alternative
conposition for the leads 106 and 25 108 i ncl udes

bet ween about 0.5% and about 0.15% i ron, between

about 0.5% and about 1.5%tin, between about 0.01% and
a~out 0. 035% phosphorus and the bal ance copper. Such

0.29bhsbRYriS arﬁi/ail'iea@a@.aﬁéérﬁdg Ib&Bh Shi M byCaBPadyilable
under UNS designation 9520. 30 Anot her

Ltd. der _ . .

from MitsHRt Pl BRid<ia CoKPPERtide WrdgdsUNP cdesipnagdon MF224,
i ncl udes between about 0.15% and about 0. 4% chr oni um
bet ween -17 about 0.01% &&@™8bout 0.4%titani um

bet ween oyt 0.02% and about 0. 07%silicon and the .
o L RS SHGHATSRRRGY (10 A1 e T ghAame 104 is

madaNed %ﬁge&fi&ﬁ IRId UNSreles] gitald @RdCl80O1de®tto the flange
ano er

| ternative conposition for the | eads 106 and
102 5?11‘%8t9 e des et féeAabolt 0T R HP G L1 B8, Flange 102
preférdly, DetWatds aboulq@idl 5%rdBga bbbl he35% D) CRat can
. between about 0.01% anccli about ~0.05% phosphorus and |
withsienga daRcateafph drempsiehuass al 480y 338 °Cafar | 2wt Sodgpring or
390500 S%Mtzﬂlsicoré’ﬁc?etx‘iﬂﬁ)Und%n{r@{&ﬁ&ﬁﬂnaﬂéﬁ‘ melt at
C19010. 10 Another alternafive conposition for the
temperaisaregeo beeens abprE| §8E3C berdeehoubodBl 2C 0ofaedframe 104

A+ 3% i %.a 1. A% 14 s
P e AL G Osdran T Eba oo g sharsd steHlting
tempexpioieunpdidst et haaeifécteppal thesmpleexypangion (CTE) and

Lation L. LHiS & e Co i is .aho .
redyhteppBiebBLLLY & AubELRAL ) ekl SRaTER ol S pHHbter il
of Dignsimemlfdd daboltddng 2he oséns Sndhcampowidsyy iiss referred
avai lL.abl e from Q.,n _Corpaoration under,,UNS desi gnati_on, ”

to BB LlTeTR: 8 e TR AL VEOTRRISS | Prons Bl diyerial.
la dtse:%?%%%%gﬁlﬁo%gﬁﬁ:cg%%f Zent%:eets\i\ﬁegsagrqgttga@ O/fnacrl%des para-

hydroxybenzoic acid, bisphenol and phathalic acid. Another
acceptable formulation includes a copolymer of p-hydroxybenzoic
acid (HBA) and 6-hydroxy-2-naphthoic acid (HNA). Other acceptable
formulations include terapolymers of HBA, 4-4-bisphenol (BP) and
terephthalic acid (TA).

FIG. 9 is a schematic cross-section diagram of the frame 104
showing some of the compounds in the thermoplastic compound.
Filler particles are preferably added to the LCP to modify its CTE
to more closely match the CTE of the 1leads 106 and 108
(approximately 17 ppm/°C) and to disrupt the anisotropy of the
thermoplastic compound in the frame 102. The CTE of the frame
material is preferably adjusted to be within about 60% of the CTE
of the leads 106 and 108. Spherical balls of minerals 900, such as

talc, preferably about 2 to 3 microns in diameter, can be added to
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20 about 0.2% and about 0.3%tin, between about 0.15%
and about 0.25% zinc and the bal ance copper. Such an
alloy is available from Furukawa El ectric under UNS
desi gnati on EFTEC-64T. Another alternative conposition
for the | eads 106 and 108 i ncludes between about 2. 7%

and about 3. 7% ni ckel ., between .ab 5 % a
the ab6ht at AT ERT1OBEt \ﬁgéna%%%%t 9@55 1% an%’éb{%u?%.' 5g0°P @
compPodiGkamdst ety anedoneppeppn ST itcad2apboy°C s
avai |l abl e from Kobe Steel, Ltd. under UNS designation
r(L(Erda%ﬁxliézgéetisgﬁﬁlég%ﬁ:ablllyeaﬂdéﬂvEOCmhpoix'CPi to freduckee moisture
. _leads . a 8 .i.ncl udes_bet n aboui 1.99
ine b ERRE 19700 A R &GP RS ET S LT, 10, D98 aRar A enerally
plalQ?]ﬁ%_:;Ehbhi?w, gb&ﬁé\eesoabo(who&)nl%@adoabdm HIGO. 2% however
phosphorus and t .bal ance,copper.. .Such_an al | is
othgyaifBPe °fr(9|’ﬁaﬁfe‘f‘gﬁbi = g%t rqacﬁéor%%ré:t%lucr)%%ﬂn age also
accéJB&tsife?.l tq&alta:xlti%ﬂtjé%&%ﬁaecf@aaphi% ficiked Abdveanwwatp somewhat
respect to, , the fra 104 is.. B de o . .
durFﬁ?ec%ﬁlﬂ?tﬁﬁpdedeY%ewrnﬁﬁtéggﬁc %&ﬁP%%&%%Sgggd ?ét?¥ﬁ?g thelr
effé#;ew&méé%% anghel O tedi | exRneifdl andpldiar Theraphiard alflakes”
of the flange 102 preferably includes, a |iquid

inc%uglss a$‘:cﬁblf (SZ(U@) haya begh d6F S %nd die- att ach
enper at ur es 0-330*C for AuS | derii
300ha2GeErhbFe AL keD) 98¢ F@?Ee” JertaThal SYeEy (Rgferably

rou%gn&%o JEReRat WeSeRedenh ahprdcsiD00E ame aboate 104, thus
) C.” The franme 104 referably inc]udes base reEins.
creamdngohpoins Pathai 8@6 jfar m1P¥H§e npdRtPE, Even if the

lay%qlsugt:e! {18t g@ﬂgl'lglleﬁ% ¢het BREESR o2 RATFSICRB, ( ERE) pAésSence of -

reduce i t's rmeability to noisture. For conveni ence,

the rgdzamﬁee. ahhibits heoistune 1ovfiltaatiemngThpegraRihe flakes
and. co unds, .4 ery, her e ei

ool fOTRRERE chd, ESLETIE AR s e epbeer g macen ene

cogpeamplleopf ofirttac deptiabl @6 rarsi L08s Bhe frrme imatiarded contains

bej’&%re%__ %gl{lmo)e(ﬁ%%nzgrilg aacbloql*t b%é?“%{l%h%@ pfﬂi@é,i Cpreferably

between about 40% and about 50%.

As an alternative to graphite flakes, glass fiber 1202 can
be added to the LCP to increase rigidity and adjust CPE of the
resulting thermoplastic compound. In this émbodiment, the frame
material preferably contains between about 30% and about 50% glass
fiber.

As another alternative, or in addition, to the graphite
flakes, other compounds can be added to the LCP, such as iron
powder based absorbers, molecular sieve filters (zeolites) and
calcium oxide (Ca0). Suitable zeolites are available from Sud-

Chemie, Inc.

The frame material is preferably pre-dried, preferably to

less than about 0.008% moisture content, before injection molding.
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acceptabl e formul ation includes a copol yner of

p- hydr oxybenzoic acid (HBA) and 6- hydroxy-2-napht hoic

acid (HNA). O her acpeptable 20 formul ations include

terapol yners of HBA, 4-4-bisphenol (BP) and

terephthalic acid (TA). FIG 9 is a schematic

cross-secti on dj agram of 4 _show n
In 3 eRe o BORRHLOT rf RS she %%d?%?ﬁpg EBREbURr S et obly less
thartiddcit papt kebésdsy angjeetesabsyotiddedst shotibd Lk ltept small,

dify CT
eee Sl s Hosh g Pet) b TGRS Tt B o

the dhidMiipIlRe ianicomboany of e injketnonl Aslder Qmm@ﬂndA gate
in the frame 102. The CTE%\LF?I]P frane teri

at pitBeer dIPchdPlst dteo BES abbeEt B %ot ‘éw CT%f the

theﬁ{%élf@sﬂl%adscaﬁ@o&m 108heSgher | Gakrbasisg of shieBer alen  the
,_such as 30 talc preferably about (2 to 3 m,cron
thereRhatiter COBRMINE Al0e@HSRt 180 nEOLERES, chains and the

graﬁmntﬂléﬁcbgn%@ apiedlt t%@%nb@lé@@.tﬂ é@r%oxﬁwh:.a preferably
onposite has a CTE of about ppm OC to 22

1n3®1@@ﬂh|4te 4 sopnerephbiie {886 %8‘%% hetpeey Fggu%%ads 106 and

108rm'1‘8t H\E.ﬁlm%l.?é Lhe a&l‘n@ﬁht TS SsFSRNi 418 e DFfarahl y firdme, a
orm of generall 5 pl anar raphlteflakes 904
mm(xmhnvmobdgbemexatumeeofg)abqw FFofReprebprably maintained

p or chunks, are also
dur%%‘ B%é %Ol%%%% ggépﬁi&‘ t he graph| te flakes 904 can
SI gnl Ica%‘éﬁaé k?&i:relgg | B} f:ﬁ“?é” Phrerab {yNOBbpiied to the

rlngt elr effectiveness. e term
extérgenersatlrlfywpsamér reapfiramne f LAkRedo furthes werapaq,creisture

1nf§h)gr%t?1eélg ?;tﬁqigﬁng€ {}g grt%d e gearhpde {ﬂpﬁ.‘i@% to the

orm pre erably rough
intpatiet| elf ttheexfeameor1&41rf3cespbaibldwematml§04inqm amine-

oo AT BN L 141 e e

Bali'lébﬁaéﬁqulﬁﬁérp@ﬂseﬁlmﬁs oind pdiveegraptaniies ifilmsi.t s
nmoi sture infiltration. The graphite fl akes

Seal

The frame retention feature 500 (FIG. 5A) and the lead
retention feature 800 (FIG. 84) provide good mechanical
connections that inhibit infiltration of moisture and atmospheric
gases. In addition, the frame 104 preferably includes constituents
and an exterior or interior film to reduce this infiltration. To
further reduce infiltration, as illustrated in FIG. 10, seals 1000
and 1002 are preferably applied inside the frame 104 along edges
of the frame 104, where the frame meets the leads 106 and 108 and
where the frame meets the flange 102. As shown in cross~section in
FIG. 11A, seal 1002 is effective to prevent infiltration between
the flange 102 and the frame 104 and to prevent infiltration
between the frame 104 and the lead 108. Alternatively, as shown in
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904 al so adjust the CTE of the LCP to nore closely
match the copper alloy of the |eads 106 and 108. The
frame material contains between about 10% and about
70% graphite fl akes, preferably between about 40% and
about 50% 20 As an alternative to graphite fl akes,

P16 7 [P0 (5 arke SO OBPESDR (LD B8 P piocd TRELERFSor che

one (d28nMpbasti ¢ conpound. In this enbodiment, the frane
materi al preferably contains between about 30% and

aboyit 58HeEkas§ood | bﬁihe525nASoﬁndﬂ'haer sabhlanhattiore ther frame
in addition, to the aphite flakes

s et noaBlAL S bRSEEL oLy SRR IS 0x oo

a
app rikar oF MHeL@dakns| eVEadnd t €rsar(ire| iatses)s awwdl-known in

cal ci um oxi de (CaO .
thef r@ﬁﬁ,suddhqyﬁem(cg{yqerpc %%Iot %ﬁl@ef ig%gl {[%,g]? er}ac:.' Zln?evcﬂ.lﬂnablp%oduces

acc kﬁreab!rkésﬁﬁ.@s drizadernBt E¥€TBO| Yheo frass mhasrabbutcan be

08% noi sture content, befor
CleaQ@d Wi R HOLVSRE S| AFekY i %'?FI'HIWZS |A21r90§t0|8088nﬁleg{15§%0r iameter

1P’ Sl &Pl LBAP @heuto0a2 d@telrihRCEbOMEeal 1000,
(oS L% pister Egykept e ey ably | oss tha
andaboRi01D gmains IDt peatihe risz @redsralRhy 139 oo fiisppRse naterial

ther rlgpléag%l C &9mouRd.ifL tRe LB e&{d ONoRD| GirdR3r ree. used,

t he i nj ection site pr ef er'abl y restricts
depfehdimg)fort hihe tsieenofl st idesdssgobnad- t%,ngwma.ze alr bubbles

in | ncrea3| ngl Shea:]%cg)g]l‘{]l% &1 %Q{n@ﬁﬁ' CafQ8POHGMy 6 used to

poly alnsa the graphite flakes
un@oéheT:h@aJt&tﬁr nmplthet heedlmgpound is preferably
Injected at a corner of the frame 104 or between the
| eadls 166aXentt 1Gat68iallo pne:ﬁemilzbw e sanduntissosityesihetween

th | f
ab&é‘goéﬁeﬁéte)ggaé agnr raﬁ?%l@ i n 2 neggkd ét?éﬂb%f %bBE% 0f95 per

urin
sed®lddi BEd Operpddd¥ity between about 12 Pa.s and about 30 Pa.s at.

a shear rate of about 9.5 per second. FIG. 12 contains a graph
1200 showing a preferred relationship between viscosity and shear
rate. A low viscosity is preferred at high shear rates, so the
material can be dispensed quickly. However, a high viscosity is
preferred at low shear rates, so, once the material has been

dispensed, it does not run.

The material preferably has a cason viscosity between about
3 Pa.s and about 7.4 Pa.s. The material’s thixotropic index is

preferably between about 3.5 and about 4.6.

Suitable materials for the seals 1000 and 1002 dinclude
epoxies, silicones and conformal coatings. A suitable sealant
includes between about 40% and about 60% solvent (such as 2-butyl
acetate) and between about 40% and about 60% epoxy or silicone

resin. The epoxy can be, for example, bis-phenol A or a cyclic
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A noisture barrier filmis preferably applied to the
exterior surfaces of the frane 104 to further reduce
noi sture 15 infiltration. Alternatively, the filmcan
be applied to the interior of the frame 104.
Acceptable materials include am ne- based epoxies

alig¥atilcabl & dim PpﬁéﬁdUSts”dleﬁbh!QdehaEBSnEEé‘de1Hé de amine
al rocade, polymer-Al filnms and polymer-ceramc filns.

hardggngrs oG lHeanptinelyet the | evn¥ eeanurie sm@dﬁ Fe&. Pepglynml D or
Par fbﬁuel ¢ad F(f&ifﬂuié’%f&?b? ES&P%hI ct |n provi de good

chani ca connect1 ons Iltration of
moi sture and atnmospheric ggges. In addltlon, t he
frame 104 preferably i'ncludes constituents and an

extied | Pfg 0Fod M hO¥adHddMel0 thedyeambhn9ai Rfekblr @h50Rie 110
To 25 further reduce infiltration, as illustrated in

hasFpegn B¥tashafistaodee Heageobd? and mlersraprylapinded to the
1eaehg81&@ %{me foanen 1041 @&iARg 186990 9k tsha%whr ape F%@én 13A and

ere the frane nmeets the | eads 106 and 108 and where
13B¢ hehe rkirte 290etis m@fﬁrah@e ulFraspgisably Welded to the frame

Lo4g BOSEERBP Bl 5 R, 1552 A5714d £/ HEhIAE Beveen
aboﬁta.’:ﬁa Maaddaboupr@&/émz andlam ramlartudbetla@entlnare about 100

michoH Pt BRSebigo AT et Thnl S s ATER B 1Y ene

lidi nse eﬁh ble ﬂ.heerOﬂQlMIorlﬁéat well qErdd ot ¢hgofedame 104.
adhesion of the sealant to the frane nmaterial, the
f r comverstiemadl ultrpsehbcaplystﬂ&%uﬁﬂﬁung(ﬁedhmlqﬁes have not
application of Ehe nt. Plasna cle

n
beefe  F28hohs | Ao o 6LbRT  REERPRRY,, hetidng, these
confesit \6R-Y o&laehmqaé@emaabl eoweﬁulwéldrn@ t €regténeles, which

ceoblE AT AR el ER0 0l SRS NAL )RS Tt
mouBt &4 eirplivcusedph ek b SPETHE HBGRSF ate fdihgs Erbql&fi®ies of the
present invention result in lower amplitudes and, consequently, do
not damage wirebond assemblies. Conventionally, lids are attached
to circuit packages with epoxy adhesives. Advantageously,
ultrasonic welding can be accomplished in much less time

(approximately 250 mSec.) than epoxy cure times (apx. 2 hours).

There is preferably an interference fit between the lid 200
and the frame 104, so portions of both the lid and frame melt and
fuse together during the ultrasonic welding. As shown in the
cross-section in FIG. 13B, the lid 200 preferably includes a lip
1300 that melts and fuses with the frame 104. The 1lid 200 is
preferably made of the same material as the frame 104, as
described above. In addition, a moisture barrier film 1is

preferably applied to the lid 200, as described above with respect
to the frame 104.

-23~



10

15

20

25

30

10 and a 0.010 inch ID needle is preferably used to
di spense material for seal 1002. O her needle sizes
can, of course, be used, depending on the size of the
desired bead. To minimze air bubbles in the seal ant,
a positive displacenent, auger punp is used to punp

the sealant to theyngedles, %ﬁhgg@a§gglant mat eri al
etween

preferably has a viscosity about 58 Pa.s and

abBHE%ﬂﬁgn%’@-&lé‘tflaar%‘%eﬁfozf atee pl HPULI LD RRY and 108 and

second, a viscosity befween about’ 12 Pa.s and
lidab2W@ 3§ Pehe aircuitstmsamkagst 1@, appeiudimy papterials and
progggggg' ugé@ F&nggp%@é{% ?h&fea rt"sz,oqqaﬂéo% described in
preferred relationship between viscosity and shear 20
detral eabdve 0\FIE.s@dscontaingpeefsdmpbtftad Hilgivobiagsr illustrating

a prln_:gtcggsf,sg}é ﬁgﬁ@hgréﬂ?@@ﬁ%grggé%bs nqllbiecﬁllaﬁ and used.

weve VI SCOSI erred at | ow shear

rah‘ESM?é” é’_“f%&é”%i’&%t-%#ﬁ%ﬂ%%ﬁ% disePreBsethe i teads 106

does fnot fun e mat'eri a as a cason
andvil®BesAtyliRd weeadafmames26rg fabricaded dmomt the4first high-

Pa.s..Jh erj,aly s nat hi i G [
congrsBbOT RIS HE 140 DRKOLGR, hAPAE NP on! BLAERDAY ceoned
or fethdrd seealasle1 GO0 kewt 10020 N30Uideo epeatesone of the lead

si | i,cones_and conf ti . A jt I
re R SR o E B Een 5o b AP b1 oo Ak CRovh iR, alP i pos are
cuxg.gc;Z- ey, Qﬁamlwcﬂ abe) eatkedetnete absad AOMeandDGbout create

% epox r silicgone_ resin. be, f

enRihgPeStaf s SeRsenr Sl T2

e ' in. Suitabl.e hard .4 ncl ud '

D 4 ooBae e SRRSO 0B ey ene maense

1oRard vina o) ehe PaexnbeneotiTis agabtinfiteds reomCenksescond high-
El ectronics. Lid 5 The lid 200 is attached to the
comnezne 1oy APCer Athe 4@ Pro 144s 58&n TIPFECcREFPE PRetoatUTe

500 li@dnge1484 ANAR eQahyealby wpndedoheetbtre stamping process.
Optionally, at 1414, the bottom of the flange 102 is lapped. At
1416, the bottom of the flange 102 is made convex.

At 1418, graphite flakes, talc and/or glass fiber is added
to liquid crystal polymer to make frame material. At 1420, the
frame material is dried. At 1422, the frame 104 is molded to the
flange 102 and the leads 106 and 108.

At 1424, the interior of the frame 104 and flange 102, i.e.

the air cavity area, is cleaned. At 1426, the sealant is applied

. to seal the boundaries between the frame 104 and the flange 102

and between the frame and the leads 106 and 108.

At 1428, the die 110 is attached to the flange 102. At 1430,
the die 110 is ultrasonically wirebonded to the leads 106 and 108.
At 1432, the 1lid 200 is ultrasonically welded to the frame 104.
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| eads 106 and 108. A suitable lid 200 is shown in
FIGS. 13A and 13B. The |lid 200 is preferably
ultrasonically welded to the frame 104, preferably
using a wel ding signal having a frequency between 10
about 50 kHz and about 60 kHz and an anplitude |ess
thaWh@pfutgﬁognvghgigTsh&gﬁﬁgefw§%€§ﬁ¥ﬂaaIﬁfﬁﬁtﬂﬁﬁérﬁﬁce to a
m_crons ternative t he [ can ‘be _l.as
PrREPHEE GRSy dEROFS TG IR 109 Xhoridrk PBAgFStand and
appkrbEaS081 GHtasthei AldisNgedeC Rl Ghiase haMElQOtst:b.&enremalnlng
used to seal] lids to circuit packages, because thes

WLEBIROHIB T U A ARPRBEE: (L POREF et G onr a5 descrided
inf rﬂﬂélelé@péﬁdemﬁ”“@lﬁlﬁnésumoﬁ nehén@ﬂs‘lw a[lmhdai‘ U(ﬂﬁSJetrh&lle can be

© can, danmage rebond nbl d
athaERagetS Fhe Highs %%dee'giigauaﬁaereé SifgS,  rather than

beﬁh@SQBldéEe\!@n’th@féﬁoﬁSlIht abBitoves aald twedes kaadn in the art,
consequent | not damage w rebond asse

alé@ﬂ§entt|Y@%§PFL§ry | F88tale aPraLheqaSOSRF o\ Yoyl (Rburities,  so

coPdekagent ¥ dds @Pibed adhesh V@S nddnaakageois) total 100%.
ul trasoni ¢ wel di ng can be acconplished in nuch |ess

t i mlthaa@hoxh@afﬁéme 250 oBeen) fédanre D0y atidr €hei meBvexity H

hour s erahly an i erferen e
off HoohELABER BT G27800° B ALIF PEGin 19 SHILERE. of 2 high-
copplell OBSaRde batdy, th@héééj &&@oﬁé@ﬂ@nm|atrean§lsa5 doiSGcable to
toget her during the ultrasonic wel .. As shown in

coEnEA 8831 SEEIRGRHS iAMIFLERNISB Madfe °|f| R TREAS-y Although

tHenCllléglﬁs %eltbﬁtléxgooféat@.{re@e' t3§0and86@13&§1d/\4 tihdiRe respective
frame 104. The lid 200 is ef erabl y made of the sane
alfpgraptavess have fhasre q@ﬁm«%@d des cilihefoRERKte. Of n high-copper

leaa%' t ‘tﬁ@sealﬂﬁ’évséﬂbfo%sb%&é' g1sé 'Aﬂﬁl‘ﬁ:a%@e pE&f @t ional leads
rxgp ‘ied to the |id 200, as described above with

dsecs madetpd Ftharnabariads. VHRRoRehuERe L IERRmaserial has

bé%%t ahlsScPipddeih! ange dQded a9 404id-0ads gdkarRd 100, this
108 and lid 200 of the circuit package 100, including
matstmdeilal carande advantageously used in other contexts, "such as

those that require a material that «can withstand high,
temperatures. Examples of other applications of the frame material
include high-temperature laminates in printed circuit boards
(PCBs) and sockets for electronic components, cables, PCBs and the
like.
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processes used to fabricate these parts, have been
described in 5 detail above. FIG 14 contains a
sinplified flowhart illustrating a process, by which
the circuit package 100 can be made and used. At

1400, a first high-copper alloy is nade for the | eads
106 and 108. At 1402, | ead are fabricated from

the first high- copper alloy made at 1400. At 1404,

hol es, 31 re. punched, etched 10 or otherw se nmade in
Wha tI égdclralrgec?

fane §ﬁb to create one of the |l ead retention
features. At 1406, the ends of the | eads 106 and 108

1.Ag%é?cd¥ﬂﬂﬂ§$kagﬁ t compAaggd:or etched on the |ead frane

to create .the other lead retention feature 800.
At 1408, £dasgebnd hi gh-copper alloy is made for the

flange 15,102 o 440, ahhe flange 102 is fabricated
from th: g sgcon é# - co%per al l oy' made at 1408.

At
1412 o ameaioletedn ook e AMFGE 800 % ddicit | feast one
e flaaﬁgrégg by a progressive stanping process.

at 1414, the bottomof the flange 102 is
IappedthAtatllésstt¢n§ B@ﬁﬂoﬁxtﬁndﬂuinﬂoaﬁﬁet B2t ramgip God
convex., Al e éPLaDl ASPing a
fiber |s ad@ég% F%%g? %1;%#%%%§la§ﬁ%§ ?ggnake g
f roeetiec inmt een@braﬂmrdmatehe‘cham aﬂrmurhti’)ém af-is dried.
At 1422, the frame 104 is nolded to the flange 102
and the |l eads 106 and 108. At 1424, the interior of

2. Thiee chrawkt Igeckane ifanyein d, Wiheéeln25 the air cavity

3.

area, 1501830005, 00,0d06 (genspRlay ey geakied; Lo

seal aries ween h rane ,
f|angetma2 ﬂmgleemeﬁnetsheahr amtezxﬂcoqhwefe%%eldeaﬂng an

At 14 S, At
i e el A
vvl reborwtwh:émthmel cxdg 106 ainl 108.image Aconuagt UHEh  the

lid 200 is uItrasonlcaIIy wel ded to the frane 104. -24

whitEeFiReE AARTET8n has been described with reference
to a

The circuit package of claim 2, wherein the interlock profile

is dovetail shaped.

4.

The circuit package of claim 2, wherein the interlock profile

is T shaped.

5l

The circuit package of claim 2, wherein the interlock profile

is L shaped.

6. The circuit package of claim 2, wherein the interlock feature

is a groove in the flange.

7. The circuit package of claim 2, wherein the interlock feature

stands proud of a surface of the flange.
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preferred enbodi nent, those skilled in the art wll
understand and appreciate that variations can be nmade
while still remaining within the spirit and scope of
the present invention, as described 5 in the appended
¢l aims. For exanple | ower power die can be attached -

8. T%% 4 u&kagg Xmoi ofhefe adhesi ves, rather

ered ereto. In addition, as is well
knomn tnetrnxzﬂmeastalbnqs }eons cdﬁﬁyn%%nt%ﬁr1lea§ﬁaane hole

unt ridies, constituents descri bed
gg 1#g?pﬁieéitessarlly total 100% 10 Although the

frane aetemtnon fodattiree GBOmeRdashic cfneRR| PRteriak extends

L g@h cﬁgonwhave been described in the context
5 Hgg Topper” flange 102, these innovations are
also applicable to conventional flanges and fl anges

d £rdal Sa1f BhoyaBrethetheadtr ebest i 6fe hole
. T €a bgééq%qgglgg% and tﬁélr respecslve 15 alternatives
is remtengedardescri bed in the context of high-copper

"l eads, these innovations are al so applicable to

conventional |eads and_|eads de ot her, rials, .
10. Al Thfougir Qe fPamERgfat oF i SHaHhs 'bé’gﬁ’? R eﬁnf‘?%set one

hol% 1585 2 Siucdifteypagkageed 00, this material can
e advantageously used in other contexts, such as 20
those that require a material that can wi t hst and hi gh,

11. t efRErAlrdies. pExaEPE €6F czflmdmr appretaf i bmsa ofatdm@l cross-
frane nateriaF

i ncl ude hi erature, | am nat
sechiomtafd ther & LLeBshr aBe %%&sgaeﬁ&%r%%% it 1east
£of REBsagnleide one kble A5 less
oneém%&%@sﬁzﬁﬁzﬁ? D e e te

cka
thagonpr eghial: toa abpakg@Sd¥s o4t 3 é?d%qssoﬁécFéalgal afged of the at:

least one lead.

12. The circuit package of claim 1, wherein:
the at least one lead includes a retention feature
proximate to one end thereof, the retention feature having
an outward-facing portion; wherein
a portion of the thermoplastic frame material abuts the

outward-facing portion of the retention feature.

13. The circuit package of claim 12, wherein the retention

feature comprises a hooked edge.

14. The circuit package of claim 12, wherein the retention

feature comprises a ridge.

15. The circuit package of claim 12, wherein the retention

feature comprises a groove.
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a franme nolded to the flange and to the at | east one
| ead; wherein: the at |east one | ead extends through
the frame; and the frame conprises a thernoplastic
material having a 10 nelting tenperature greater than
about 340* C. 2. The circuit package of claim1,

16. whEheiciraduie paakege ned udasmalkeyhdwiing a key
profile; the flange defines an jnterlock feature,
havi ngeg]’? Rht e]rqa% k Prof ﬁleégco]rﬁﬂlé‘ﬁ@ﬁt & y tebepheckeyfeature
profoximat@ntdolbndhei®ithdrborkeyhdsed i Ntimate contact

with the interlock Leature. 3. The circuit package of
claim 2 Rif 8Pn°%h*é PntRFFMRALGSESFi FEame smaferigiadi [abuts the
shapeshtiben Featgr&cuit package of claim 2, wherein the
interlock profile 20 is T shaped. 5. The circuit

package of claim2, wherein the interlock profile 1is

17. L Theped.rcit Thenakageui bf pacledge 06, clwiidhedn WOEE €idetention
he interbgg% geq%ure is a groove in the flange. 25
T<pa

fea RE & Fell (-'kedge of claim?2, wherein the

interlock feature stands proud of a surface of the

18. fl fnge. o120 8- Il CUk:t age . of m1, .
wher ei n- t he atgﬁfye ogﬁg I(éigdgﬁdeﬁlshes&ﬁ%lel Sasthgndetention
featiote i erdétieough; and a portion of the thernoplastic

f rame material extends 5 through the hole. 9. The

circuit package of claim8, wherein the at |east one
19. hofke idirFudétarkpfk@ge of claim 16, wherein the retention

feature is a groove.

20. The circuit package of claim 1, wherein the flange comprises
a convex bottom surface.

21. The circuit package of claim 20, wherein the convexity of

the bottom surface is at least about 0.0001 inches.
22. The circuit package of claim 20, wherein the convexity of
the bottom surface is between about 0.0005 and about 0.0010

inches.

23. The circuit package of claim 1, wherein the flange comprises

at least 50% copper.

24. The circuit package of claim 1, wherein the flange comprises

at least 90% copper.

25. The circuit package of claim 1, wherein the flange comprises

at least about 98% copper.
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10. The circuit- package of claim8, wherein the at

| east one hole conprises a plurality of holes. 10 11.
The circuit package of claim8, wherein, in a latera
cross- section of the at |east one | ead and passing

through the at [ east one hole, a cross-sectional area
of the ,at [ east

one hale.is_less .th e | to ;
26. A%t SPEGHGF Ba%]f%gs%-oge&ll‘a&ﬁ‘a F VRS (HE %ﬁnlgeagto mprises
an &Ny &Fd.cobpek? andhetcilesst topaahsgeriefl chasenlfrom a group
wherein: the at | east ,one |ead includes a retention
comyraglfPe Z1pEBRT Rt §Lol8  end thereof, the retention

feature having an outward-facing portion; wherein a
par.tion, of .the t astie f [ 15t i
27, S R B0y P on st A T o oarry, centadne

at IéastThdouitr 08%tcqmmkage of claim 12, wherein the
retention feature conprises a hooked edge. 14. The
circuit package of claim12, wherein the retention
28. f eBiteIr ectotypit sepackagedget 251e8m THe ciWhegrinpalkgge flange
of.claim 12, wherein the retention feature conprises
com%Ftﬁ%%Ne. -27 16. The circuit package of claim1
wher ei rbettweenabbetst . Gite andadbpue| Lidds zd rcepdpari ownd

feature r oxi,m 0 ereof; wherein a
porti on*of %ar% F%glﬁ%o%?';bg%t ?%gP%gne mat eri al abuts the
5 retention feature. 17. The circuit package of claim

16y, whereip the potend one featdine IS a hieakad edge  flange
29'18'.I|h hecgl Irg%wt %ac}%%e of clai m16, wherein the :
compeleasi on feature is a ridge.

between about 0.05% and about 1.5% zirconium; and

the balance copper.

30. The circuit package of «claim 1, wherein the flange
comprises:

at about 0.085% silver; and

at least about 99.9% copper.

31. The circuit package of claim 1, wherein the at least one

lead comprises at least 50% copper.

32. The circuit package of claim 1, wherein the at least one

lead comprises at least 97% copper.

33. The circuit package of claim 1, wherein the at least one
lead comprises an alloy of copper and at least one material chosen
from a group comprising iron, phosphorus, zinc, zirconium, cobalt,

tin, magnesium, nickel, chromium, titanium and silicon.
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10 19. The circuit package of claim 16, wherein the
retention feature is a groove. 20. The circuit
package of claim 1, wherein the flange conprises a
convex bottom surface. 21. The circuit package of
cl ai m 20, wherein the convexity of 15 the bottom
S fa t c2gpu | ediesin ontai
34. C|Ul£ cuﬁie'ujpcg%ga S%% el ggmaiglrgmg%r el n the %glr?vg}?'to))/, gf tains
at ldestbéltonvspeface i s between about 0.0005 and about -
0.0010 inches. - 23. The circuit package of claim 1,
wherein the flange conprises 20 at |east 50% copper.
35. 24TheTheleedicui Papkrdgel oflafRi v 1 VARFERBI Fhehet | Lpget one

& S8sg:at | east 90% copper. 25. The circuit
lea &ﬁ[{ge ofS claim1l1, wherein the flange conprises at

I east Mﬂee%@@@‘ébp%rl% 2pgl aRouthe- &% AP package of
claim ¢ %e'aﬁoﬁgeoféﬁ%gean%logﬁbh'@e@ 1530 pRlkoBbus;

copper an | east one material chosen froma group
conpri sbatgrezanr ebaiting edek And &k 23 27ingmand rcui t

packag @ezgo rein the alloy contains 5 at
| east a out copp 1 28. The circuit package of

claim1l1, wherein the £l ange conprises: between about

36.0: ’912 @Qgcﬁ‘?'@u%ag:k§g/%2'oﬁ:'c@1'alim BNGyhateilreashe abBstmoplastic
Yo copper The circuit package of claiml,

mataheablwmsﬁsaﬁgél@é%ﬁrmq@ééll Bet¥®®fr about 0. 05% and
about 1.5% zi rconi um and

37. The circuit package of claim 2, wherein the liquid crystal
polymer comprises:

para-hydroxybenzoic acid;

bisphenol; and

phathalic acid.

38. The circuit package of claim 2, wherein the liquid crystal
polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy-2-naphthoic acid.

39, The circuit package of claim 2, wherein the liquid crystal
polymer comprises terapolymers of formulation hydroxybenzoic acid,

4-4-bisphenol and terephthalic acid.

40. The circuit package of claim 1, wherein the thermoplastic
material has a coefficient of thermal expansion within 60% of a

coefficient of expansion of the at least one lead.
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t he bal ance copper. 30. The circuit package of claim
1, wherein the flange 15 conprises: at about 0.085%
silver; and at |east about 99.9% copper. 31. The
circuit package of claiml1, wherein the at | east one

| ead conprises at | east 50% copper. 20 32. The circuit

41, Papia08; Ay aﬁ%ﬁaggé"“@f ebhaife 13t WhRaehinORde |@REmoplastic
conpri ses at |'east 7@6cogger. 33. The circuit package

mateyiall diom 2, combEigienthefarhemnat an@nSF'Leadoéolmﬁwese@s%bout 7

ppmf“bfﬁﬂdpizog qopper and at |east one material chosen
froma gro B conprising iron, phosphorus, zinc,
zirconium cobalt, 25 tin, magnesium nickel

42, Chai gciit aphemagndosi kigon. 1,2%h¥eifhed rgndtmoplastic
package of claim 33, wherein ths al | gy cont ai t
mateEhah 9PBREer PeRESeITNRPRTT cdPt  FRCK AREVST $y fpac palls
betWh&k alghithe ahd! 856it Paickend corEmesr.5 bet ween
about 2.1% and about 2.6%iron; between about 0.015%

and about 0.15% phosphorous; between about 0.05% and
43.0. Ple zchecubndphbradel sfcelaappdr,. wifereliihe e ctiiérmoplastic

package of claim1, wherein t her Lastic .10 _.
matgpizt | AURLIAEF| BgEveen iADGE ésgs?‘%ﬁ? %f‘?ngb!" ghassfiber.
circuit package of claim2, wherein the liquid crystal
b4 PORIAELAROIEE | S83icaBa ALY BN ARS A hne cnesmoptastic
material comprises a plurality of graphite flakes.

45. The circuit package of claim 44, wherein the thermoplastic
material comprises between about 10% and about 70% graphite
flakes.

46. The circuit package of claim 44, wherein the thermoplastic
material comprises between about 40% and about 50% graphite

flakes.

47. The circuit package of claim 44,'wherein the graphite flakes

form a plurality of layers.

48. The circuit package of claim 47, wherein the graphite flakes

are oriented parallel to a selected surface of the frame.

49. The circuit package of claim 1, further comprising a

thermoplastic material lid attached to the frame.

50. The circuit package of claim 49, wherein the flange, the

frame and the lid define an air cavity.
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38. The circuit package of claim2, wherein the liquid
crystal polyner conprises: a copol yner of

p- hydr oxybenzoi ¢ acid; and 6-hydroxy-2-napht hoic
acid. 20 39. The circuit package of claim2, wherein
the liquid crystal polyner conprises terapolyners of

51. f ormall ad k@i thysHReyRe %0id a3kl Ao, 4mérBiaPRREOhiANds welded
ter%g?thallc acid. 40. The circuit package of claim1,

to Gprriidnethe thernopl astic material has a coefficient”
of thermal expansion within 60%of a 25 coefficient

of expanpsi on of the at:é_l1 st one |l ead. -30 41. The
< ci TR PLPAtKagRRofae8 fim Alaifhet nWlt?feeJtnnei'rl'tﬁ)pt%%?“i‘QPlaStlc

matSBLET ingiases &0pfdiiei eRysehl theTyRr expansion of
bet ween about 7 ppnm I C and 22 ppmi *C. 42. The circuit
package of claim1, wherein the thernoplastic 5
53'narheizﬁlnnmmmrigaskigﬂ\msﬁn abairm Eﬂ%naﬁmrahent dafprising a
al c.bal | bet an about M. crons,
semiifofardior” ARSI EnR151 088" e G  bonded
to the &mammmmlaﬁeimeamaterlal conpri ses between about
30% and about 50% gl ass fiber. 44. The circuit
package of claim 1, wherein the thernoplastic 10
§54.maTeei aircoitprpsesage pd»:tUralaiitny 52, gwlaenl'éjtre fheakelsermdnlastic
The circuit, acka 44 n.the
matgAfaf it B3R oPE T 505, prantiE BBk Ebout 1006
and about 70@6graph|te flakes 46. The circuit

55.pa§hggg' éuf& ses%% W@@rgi Iﬁh§4th %ﬁ%ﬁ@sﬁﬂ& E%g%moplastic

naterla conp et ween out 40 about
matgra@httapmptuahes.beﬁmeeﬁheabomtLuHO%paendgeahnhtclaDﬁt4gmaphite
flaﬁ@gfe'n the graphite flakes forma plurality of

ayers.
56. The circuit package of claim 54, wherein the thermoplastic
material comprises' between about 40% and about 50% graphite-

flakes.

57. The circuit package of <claim 1, further comprising a
semiconductor die attached to the flange and electrically bonded
to the at least one lead.

58. The circuit package of claim 1:
wherein the frame comprises an edge adjacent a surface
of the flange; and
further comprising a seal attached to the frame and to

the flange along at least a portion of the edge.

59. The circuit package of claim 58, wherein the seal comprises

epoxy.
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48. The circuit package of claim47, wherein the
graphite flakes 20 are oriented parallel to a

sel ected surface of the frame. 49. The circuit package
of claim1, further conprising a thernoplastic

material |lid attached to the frane. 50. The circuit

6(Gacllhge cdfrculiai pradaganef etkrithed§ /| afpreiphdher sgpe comprises
Siaﬂqi?tnlgg lid define an air cavity. -31 51. The circuit

package of claim 49, wherein the |lid is welded to the

frame. 52. The circuit package of claim49, wherein
61 he recapplast bsckdmd @t alaganprises a liquid crystal
polymer. 5 53.' The circuit package of cl,aim52 .
further CORFELE| dden TEUR cOMRIITH® df e HECHCHRARS (pdiacent 2
t he dil-angeuardcel etvHcall Yehondesk Tdad;hanat | east

one | ead. 54, The circ¢ujt package, of ci\ai n%52ﬁ1 ¥,here_itﬁ £
the t her FOFItASE] COMRELEFPAI 2 cdApPT s882h BrGRARTEy Qs the irame
gr aphtid & d ltalkest: 18a56. oddielddd Gubhgpatkages®fa gaithon of the
54, wherein the thernoplastic  material conprises

bet WeldiFtalf69€- 10% and, about 70% graphite flakes. 56.
The ‘circuit package of claim54, wherein the

her lastic, material conprises between about 40%
6nd Ui L BRI PABRTYS-05 S IAREKEL: 57 The cirouit
package Gihededinm the f Erdmer compfirdesi g aecond edge adjacent a

sem conductor die attached Lo _the fl aﬂ%gi_and
el ect$5W 150 58RGe8T tRP tate 18R5Fe3RT 1&R§. 58. The

circuit papkaes Hongphakihd: a28evbed esdul hecfaAr® to the frame
conpri ses an edge _.adj acent a surface %f the fl an(%géion of the

and #RF tHRrERO S iSRRG Rt elfadidieiedtt J°RRE FrR
and t(&-ond edge.

63. The circuit package of claim 62:
wherein the frame comprises a third edge adjacent a
surface of the flange; and
further comprising a third seal attached to the frame
and to the flange alone at least a portion of the third edge

along.

64. The circuit package of claim 63, wherein the seal comprises

epoxy .

65. The circuit package of claim 63, wherein the seal comprises

silicone.
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the flange along at least a portion of the edge. 59.
The circuit package of claim58, wherein the sea
conprises 25 epoxy. -32 60. The circuit package of
claim 58, wherein the seal conprises silicone. 61
The circuit package of claim1: wherein the frane

C‘h}gB“ se églzariedg?f %@@3 aywharbihSthsUséartecofprises

further conprising a first

a mateahaatmawheﬁ to the frane and to the at | east one

67.

| ead alo 2l S r t e i §s¢. edge. 62.
The C|chﬁ% paé%%ﬁ%lo §|%$ﬁ@%%I31§ aﬁgrglﬁ thg frame
fgnpr{aFeaaosetxsubsymyebaﬂye@nﬂﬂ 4 angdeBoRd- Sur f ace of

e a east _on nd o h C i n o]
foal nft SaREaSiEy | Rethedl Bd drlBnstRARS ALNd Snéstonike of
| endsabergsatondasind portion of the second edge. 15

63. The ci,rcuit,. pa e r gin gt a

conpri ed18C PﬁFFg égéeiadjacent aggg&%¢§cgkof ?ﬁggk FEve of
flarpeerasdcéndt her conprising a third seal attached

to the frame and to the flange alone at |east a

portion of the third edge 20 along. 64. The circuit, '
pam@ge:mfcualtal préBagaherei clEhn sgal Eaﬁ%}i#%escomprlsmg a

sl i cone.

nois \ér %@g&sﬁgflses%l 4 RIEKaLeS gftl'fé FAn83, wherein

68.

69.

A flange for mounting a semiconductor die, comprising:
a solid metallic body having:

a central planar die-attach area on a first side
thereof, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and

a second side, opposite the first side, having a
surface roughness less than about 64 micro-inches;
wherein:

the metallic body comprises at least 50% copper.

The flange of claim 68, wherein the metallic body defines a

plurality of openings by which the flange can be mounted to a

substrate.

70.

The flange of claim 68, wherein the metallic body comprises

at least 90% copper.

71.

The flange of claim 68, wherein the metallic body comprises

at least about 98% copper.
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66. The circuit package of claim63, wherein the sea
conprises a material having: a thixotropic index
between 3.5 and 4.6; a cason viscosity between 7.4
and 3 Pa.s; 5 a viscosity between 58 and 125 Pa.s at a
shear rate of 0.95 per second; and a viscosity

72.b%ﬁ%@3ﬂ.é§ a%ﬁ 29aFR- gsaty ﬁgﬁﬁﬁﬂkam%ﬂ@ﬁllg @oagrcomprlses

secon e clrcuit package of claiml, furt
an a,blqwoﬁ reppperl@ndoiast deeshbaene emaqu%loﬁhgsgar £HeB &f group

comé#%% gfrcgﬁauﬁﬁngaggﬁv%Pr mounting a sem conduct or

npr|S|ng metal | i ¢ body having: a
central planar die-attach area on a first side

73. Lhe{e laﬂ&@adﬁ %1%&&3%@ aypgar&eh Nehd |@dtd1Q 1W PIY comprises
about 15°70. 005 i nches per inch and having a surface

an ablgyhressaindag athapagboabos % OPPREhes; and a
second. side, opposite the first S|de haV|ng a
surface roughness_ | ess abaut ro-inches:

4. whhej Hlangs R |7 ec'l.&rrp asl%.oly lcgéléctalga%between

abo@‘@pD€D5% 63ndT|3ﬁ>oﬁ1|tanlg$%0fzﬁcﬁJinﬂuﬁ8,armheitm hease about 98.5%
netallic body defines a plurality of openings by

CoPR®t ch the flange can be nounted to a substrate. 70.
The flange of claim#68, wherein the netallic body

o P 6inaiocl 500 0 FRERE, e ATl Wl oo

conprls
0.0bgﬁséllaﬁéluhna%ﬁ:CD@M .abod4 @Q.S%’Mbp‘pelrange of cI aim
68, 'wherein the netallic body conprises

76. The flénge of claim 68, wherein the metallic body includes a

recess that defines at least one undercut portion.

77. The flange of claim 76, wherein the recess includes a

portion having a dovetail-shaped cross-section.

78. The flange of claim 76, wherein the recess includes a

portion having a T-shaped cross-section.

79. The flange of claim 76, wherein the recess includes a

portion having an L-shaped cross-section.

80. The flange of claim 68, wherein the metallic body includes a

ridge that defines at least one undercut portion.

81. The flange of claim 80, wherein the ridge includes a portion

having a dovetail-shaped cross-section.
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an alloy of copper and at |east one material chosen f
rom a group conprising zirconiumand silver. 73. The
flange of claim68, wherein the netallic body
conprises 5 an alloy containing at | east about 98%
copper. 74. The flange of claim 73, wherein the alloy

82. ngitea'fﬁ?nagt%eglaﬁp% Q% anehabpitigel - 1314120068 0R1 BB tion
and at |east about 98.5?6 copper. 75. f%e fl ange of
havigigianit 78hapg@retasa1§€ChPBY cont ai ns about 10 0. 085%
silver and at |east about 99.9% copper. 76. The fl ange
of claim®68, wherein the netallic bod¥%incju es

. a .
83.  Shes S 1PRge &f FRREM 04 asirede HAJETIIR Ydgs. azportion

havilf ahl 8ngBapéd CbAldB-Eectibglein the recess includes a
portion having a dovetail -shaped cross-section. 15 78.
The flange of claim 76, wherein the recess includes a
84. portd ofldijel R xldimhapedwhenssn Stnd iswrondd.siflkeof the body
. flange of claim76, wherein the recess includes a
18 ?RﬂW%ibn havi ng an L-shaped cross-section. 80. The
flange of claim®68, wherein the netallic body includes

a .20 rid t I AeS S e ;
95 DoFET JASBE, s Fng s ot AR es Y e s 6 e Secmgg side
is atclasdes abopor 0i 0001 hiancheg.a dovet ai | - shaped

cross-section. -35 82. The flange of claim80, wherein

the ridge includes a portion having a T-shaped ,
86. crBss-Seutgeoref 83aimhd4f | wirgreist comyewibp, ohnEheifpqand side
. Lidge 1ngclude rid V{HN Lighaped
is byl e-I‘éen“‘c qﬁgnﬁ'gogg.éﬁe&bpﬁgngégg CJILnal m 68, wherein

the second side of the body is convex. 85. The flange

87. Of aCEAL BB %oRBLAL Png 0N VRN ¥nBlict 8 SRS OB Y8ing:

a solid metallic body having:

a central planar die-attach area on a first side
thereéf, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and

a second side, opposite the first side, has a
surface roughness less than about 64 micro-inches and

is convex.

88. The flange of claim 87, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

89. The flange of claim 87, wherein convexity of the second side

is at least about 0.0001 inches.
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Is at |east about 0.0001 inches. 86. The flange of

cl aim 84, wherein convexity of the second side 10 is

bet ween about 0. 0005 and about 0.0010 i nches. 87. A

flange for nmounting a sem conductor die, conprising:

a solid nmetallic body having: a central planar

di e t ighSt t £ ot :
05 oo e Y O Rl b R K ERRGGY DTsthe gtgeond side
15| RERESSHEALURCK - Qﬁ85h%N¢rﬁqutsQrﬂab@ xaﬂnﬁﬂness | ess

t han about 64 mcro-inches; and a second side,

oppﬁﬁitg t he f%fst sj de has a .surface roughness | ess
e hahP8boutRed Af crb* Phchies iRFeins tagnirekalopc gBodyrheomprises
atf Laage 8% dapar87, wherein the netallic body defines

a plurality of openings by which the flange can be

mounted to a substrate. 89. The flange of claim 87,
92wheEbEnf¢@mg@xbfbeiunh%7§edmn@isidhe metafllieabbddy comprises

hes. 36 90. The flange of claim87,

atw?é%é?n conv %%y of the second side is between about

0. 0005 and about 0.0010 inches. 91. The fl ange of

93C|aTHbsflaMGgrgfncigfhrﬁﬁzﬂ&ﬂé&éﬁﬂdxhgoﬁEEh§§§c Bbdy comprises
| east 50%cor§&r5 The t1ange of claim 87,
atphepset ot aFPP@eéody conprises at |east 90%

.copper. 93. The flange of claim87, wherein the
nmetal lic_body conprises at |east about 98% copper. _
9494, T?ﬁefﬂﬁﬁﬂ%eogfc%ﬁﬁﬁng%ﬂ'Wﬂﬂﬁﬁ%& Fheh&erRL Al i °%bd9°mprlses

anCQAMRbYSBE cdBpah ahd oYt Ofe£OPRRIe #AEeRtaleBRbsONCFrom a group
material chosen froma group conprising zirconiumand
cogpryging zirconium and silver.

95. The flange of claim 87, wherein the metallic body comprises

an alloy containing at least about 98% copper.

96. The flange of claim 95, wherein the alloy contains between

about 0.05% and about 1.5% zirconium and at least about 98.5%

copper.

97. The flange of claim 95, wherein the alloy contains about

0.085% silver and at least about 99.9% copper.
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95. The flange of claim87, wherein the netallic body
conprises an alloy containing at |east about 98%
copper. 96. The flange of claim95, wherein the alloy
contai ns between 15 about 0.05% and about 1. 5%
zirconium and at | east about 98.5% cop .
98¢ | ahgelarg ITRITnoBNtiRe raelsﬁmt‘-ﬁ@nﬁ‘il‘l:w 'aFﬁg‘Pébah?g-

0. 085% si | yori pnedrat 1k easdapRustng®. 9% copper. -37 98.

A fl ange for nounti a sen conductor di e,
a solid net aIEh"éerb'%‘Eﬂa HRAATNRG: ddecBRtREr E’:Fﬁﬁanp‘ o' fl¥st sice
di e- att aglle A8 UheA dikLstt sl rdah@eeat, fﬂ.BE to wn_th:Ln about

di e-attach area being flat to wi thin about

i nches perO§hchnehRs hReF n@;nﬁhsGPfiaé’éwllBHgP‘F‘ne%‘érfal‘céessroughness

than aboydsH4A-HY T @oliRCHE i iachespnghsi de,
-opposite the first side, having a surface- 19%ughnes havi
| ess than about SBIORE cF g mPRIOSItGhdE - figle, having

a

netal | i cohpalycd NGlidesedsr ecans thah d&f)élﬂﬁs @t nhieastinches;

one undercut portion. 99. The flange of claim 98,
wher ei n vheremtal | i c body defines a plurality of

openi ngsy Ry \Mé't%hlls.eehf& ?ngﬁmq@aebe d0H8ESSs t @hat defines
substrate. 15 100. The ange of claim98, wherein the

recé@ésf—n@m%dé‘sd@dfcuﬁoppifbhorh-aw ng a dovetail -shaped
cross-section. 101. The flange of claim98, wherein

t he recess incl udes ortl on havi a T-shape .
9%r o38es&LEPER. Of‘LO?la#‘He EF'I &SR éggi e ggﬂ\hﬁ ESW] defines
pilHR1AEGETT | d)drii dx?% By 2600 tHen hRvigy 8anLbshapesited to

Cross- sectl on. The flange of claim98, wherein
subsdrpEeal | i ¢ body conprises

100. The flange of claim 98, wherein the recess includes

portion having a dovetail-shaped cross-section.

101l. The f'lange of claim 98, wherein the recess includes

portion having a T-shaped cross-section.

102. The flange of claim 98, wherein the recess includes

portion having an L-shaped cross-section.

at

jsi}

103. The flange of claim 98, wherein the metallic body comprises

at least 50% copper.

104. The flange of claim 98, wherein the metallic body comprises

at least 90% copper.

105. The flange of claim 98, wherein the metallic body comprises

at least about 98% copper.
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at | east 50% copper. 104. The flange of claim 98,

wherein the netallic body conprises at |east 90%

copper. 25 105. The flange of claim98, wherein the

nmetal lic body conprises at |east about 98% copper.

-38 106. The flange of claim98, wherein the netallic
106.batg €oenyeses caaiml oy @]ﬁeﬁé’ﬁﬁp&rhe_al’m_tétaﬂ.lh.eabbdyneomprises

terial chosen froma_group ri §ing zirconium and
oo FO7PSTHANE| BhglSBTt (P2 MU Lifto PEPROBRETOR @ group
compl’fﬁ.ts&hbl £1 beshyi B0 i sesveﬁ. an al l oy containing at
| east about 98% copper. . 108. The flange of claim

107, wherein the alloy contains between about 0.05%
107 .arhealfdangé. % zilrtonP8m wherein | Bees tmetisddti cO®o8Yo comprises

an LR ernnr i BodP ot ot Bl HPERP AN at | oast

about 99. 9% copper. 110. A flange for nounting a
S or, .dig,.:£0 IS d
108. elq’] %lﬂ%% gﬁalfﬁ rir‘@g hﬂgr ﬁ@ar earsg,t %olnt%lhg Yetween

‘having: a cen anar’ die-a first

. abowdi d@. 03*heardf abbhe di. é%atzla:@hnauma abdi rir fl%ﬁstt oabout 98.5%

\@élﬂ n about 15 0.005 inches per inch and having a
sur'face roughness |ess than about 64 m cro-inches;
and a second side, opposite the first side, having a

109 SLﬁ‘ﬁeacﬂir%‘égwséléﬁslb@anwﬁg.@é‘in 64n&i 6l ®oyNeBBEains about
wherein the netallic bodé$|nc udes a ridge that

0.08f isidzeat and calstlansd ghavkch?- PoraoPBRT-111. The
flange of claim 110, wherein the netallic body defines

plurality of openlngs by which the flange can be
llo{nﬁ”ﬁhaygpofgr mounting a semiconductor die, Comprising:

a solid metallic body having:

copp

a central planar die-attach area on a first side
thereof, the die-attach area being flat to within about
0.005 inches per inch and having a surface roughness
less than about 64 micro-inches; and

a second side, opposite the first side, having a
surface roughness less than about 64 micro-inches;
wherein:
the metallic body includes a ridge that defines at

least one undercut portion.
111. The flange of claim 110, wherein the metallic body defines a
plurality of openings by which the flange can be mounted to a

substrate.

112. The flange of claim 110, wherein the ridge includes a

portion having a dovetail-shaped cross-section.
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substrate. 25 112. The flange of claim 110, wherein
the ridge includes a portion having a dovetail -shaped
cross-section. -39 113. The f lange of claim 110,
wherein the ridge includes a portion having a
T-shaped cross-section. 114. The flange of claim 110,

113 WheHeei Flhhger i siBe c1BEMUAERD 2 wBekbifN tryi RYdge includes a
L- shaped cross-section. 5 115. The flange of claim
porghen hpydrgi A TnehaRadalcrPEsreeGtidhmpri ses at | east 50%

copper. 116. The flange of claim 110, wherein the

metal | i ¢ body conprises | east 90% copper.. 117. The
114 Hire SPREP N o 1 05t ek PRERRbalT1S B4dge inolies a
por€ldpHasAng 4R Bishamsl cabests&8% aapper. 118. The

flange of claim 110, wherein the netallic body

conprises an alloy of coppdr and at | east one
115 naTke | flangeoodn clladipni &0 grwhgreigorpei sehgliie derdwrgomprises

at f@%stfiéo\éercbgéég: The flange of claim 110, wherein the
netal Il c bo conprises 15 an alloy containing at

| east about 98% copper. 120. The f lange of claim 119,
116%'%@'4?1%&% Y 1 a4RANE b NSyRStIRER heaRRYE1 D1 0598 AP L omprises
about 1.5% z

ircontum and at [|east about 98.5% copper.
at ledst ™H® fdogpge-of claim 120, wherein the alloy
contains about 20 0.085%silver and at | east about

99. 9% copper. 122. A lead for a sem conductor circuit i
117 paBhaghblangsmsdi sildghallfet wheraiuihconehndl it pofhgemprises

at Eggggﬂggaﬁﬂﬁgggaggﬁ +y spaced holes therethrough. -40
123. The lead of c¢laim 122, wherein each of the
plurality of

118. The flange of claim 110, wherein the metallic body comprises
an alloy of copper and at least one material chosen from a group

comprising zirconium and silver.

119, The flange of claim 110, wherein the metallic body comprises

an alloy containing at least about 98% copper.

120. The flange of claim 119, wherein the alloy contains between
about 0.05% and about 1.5% =zirconium and at least about 98.5%

copper.

121. The flange of claim 120, wherein the alloy contains about
0.085% silver and at least about 99.9% copper.

122. A lead for a semiconductor circuit package, comprising a

metal conductor and defining a plurality of laterally spaced holes

therethrough.
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holes is rectangul ar. 124. The |ead of claim 123,
wherein, in a lateral cross-section of the |ead and
passi ng through the plurality of holes, a cross- 5
sectional area of the plurality of holes is |l ess than
or equal to about 25% of a cross-sectional area of

t lead. . 125. The | of hclal.m 122, fUEt Rk piuralit f
lz3'c§ﬁ6r ﬁg?%?g 3§f rc; mrrg']% éd Wkﬁ%ﬁgt 0, z{‘t pggti on ol% utrr?el y o
holds agerestemgliduy.t hrough the plurality of holes. 10

126. The |l ead of claim125, wherein the frane

conprises a liquid crystal polymer. 127. The |ead of .
124 CIThiem 2@, afherkim (1S, oderednpr i8ed akaliegadt cnogg; section

OPPEL 5 e g2 . Aratiereior hbeekpad cross-
of ﬁ?)er?'pp%asde;a%g:} If%g’s#’% quggé%% g%%e cjaE%l. JC1a_29. Sﬁﬁe Ieag gf
sectclamiah 3222 wfietbe npluralisydofohpteseks akpsf (@R 6F equal to

co r and Y ' S roma group
abo"i:to%%%i Sl%na 8%?%%@&%@%%%‘?‘% ﬁfn?’%z?rgggm um cobalt,
tin, magnesium nickel, chromum titanium and

125.Si#‘ﬂecofeago.o%3ocla-ﬁlﬂte 128d Bired NtdmSeisshgr ed Nfikle molded
alToy contains at |east 97% copper. 131. The |ead ofl, £
thecéta mal 22rtaner f rithe ErpBadesbpsHingedhrongh Hoe ality o

hol spout 2. 1% and about 2.6%iron; between about 0.015%
hd about 0.15% phosphorous; between about 0.05% and
0.2% zinc; and the bal ance copper. 5 132. Alead for a

126?6{‘%803?9&&@%_eiéﬁﬁiiltzsaa%égsinceﬁarfsm@ fompiisals a liquid
conductor having a l'ead retention feature proxi mte to
cryehal pdldmeyar eof .

127. The lead of claim 122, wherein the lead comprises at least

50% coppetr.

128. The lead of claim 122, wherein the lead comprises at least

97% copper.

129. The lead of claim 122, wherein the lead comprises an alloy
of copper and at least one material chosen from a group comprising
iron, phosphorus, zinc, zirconium, cobalt, tin, magnesium, nickel,

chromium, titanium and silicon.

130. The lead of claim 129, wherein the alloy contains at least
97% copper.

131. The lead of claim 122, wherein the lead comprises:
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133. The | ead of claim 132, wherein: the |ead
retention feature conprises an outward-facing 10
portion; and further conprising: a franme nolded to the
nmetal conductor, a portion of the frame abutting the
outward-facing portion of the lead retention feature.

134. The d.a%fo.ugl ai M| 133 aMaekepnsg herdd,ane
conprises a liqui 15 crystal polyner. 135. The |ead
of cl abatise; akiomtepn0tde ang @kepbn0f L2t ROSPEGRBIFSes

a hookgd, edge.. 136 o Thes | sadl RbsCkahs) 1 wherein the

retentTon fTeature conprises a ridge. 20 137. The | ead
of cl athe I3&lamwieercepperhe retention feature conprises
a groove. 138. The |l ead of claim 132, wherein the | ead

conpri ses at |east 50% copper., 139, The.lead of cl ain
132.132, ledrbr EPH taheSGFI@d%Pn@b‘ﬁﬁPgs&r&PlfceﬁCkaEg’Qﬁ%mpﬁsghg a

met EOQ%%Buctég 140indhs 1&ad adreitalon E33ruvbepebrimdiee to one
Fea conprises an alloy of copper and-at |east one
end roheeepdl chosen froma group conprising iron,

phosphorus, zinc, zirconium cobalt, tin, nagnesium

ni ckel , chromium titaniumand silicon. 5 141. The
133, e deadl af e “ider PRTEHY al | oy contains at | east

97% CORPE' -1chfi2 refBath 8R0£0AL 64 ai GOMRRA, seshatrei suttwaerd-facing
| ead conprises: between about 2.1% and about 2.6%
i roktiserweed Bpethen COrBYs-8HEY about 0. 15%

phSSphOar WSime 121884 Wesn b9, @oYeastos, 2Wopdmdon of the
an ‘
frame abutting the outward-facing portion of +the lead

retention feature.

134. The lead of claim 133, wherein the frame comprises a liquid

crystal polymer.

135. The lead of claim 132, wherein the retention feature

comprises a hooked edge.

136. The lead of claim 132, wherein +the retention feature

comprises a ridge.

137. The lead of claim 132, wherein the retention feature

comprises a groove.

138. The lead of claim 132, wherein the lead comprises at least

50% copper.

139. The lead of claim 132, wherein the lead comprises at least

97% copper.
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t he bal ance copper. 143. The |l ead of claim 142,
wherein the retention feature conprises a hooked
edge. 144. The lead of claim 142, wherein the
retention feature 15 conprises a ridge. 145. The |ead
of claim 142, wherein the retention feature conprises
140a Gheoveadlss. cAasmt A3d. f whespénoshpglaadi Femprises an alloy

package, conprising. ul | 1€ Ao e ek fbii G risin
of tcﬁgPﬁgp?%ét%% lr?a Sgr Pg ﬁg&f%ula 20et her mopl ngrtoiug comp' 9
irompt ehbaphbérase xifnct heictomin, pabedge tishngraongsigmgnickel,

si gnal aving a fre bet ween about 50 KHz and
chr, ’ Ebtmna&daﬁfg% Ttude I ess than about 100
m crons. 147. The met hod of claim 146, wherein the

1411‘3‘.""pJ1’]k1iet Uﬁl?eead S S5ihano, akpidre48 Fher @lsoy- 43ntd8nsAat least
met'hod for enclosing a circuit package, conprising
97% aswperwel ding a thernoplastic material lid to a

thernoplastic material frame of the circuit package.
149. A nethod for, encl osi g‘gﬁa,ci rcuit pack

14Zoha dieag Phefhaim 1324eWEFRELR ?l?l%rltﬁ?ﬁll Sgﬁggiﬁﬁ:eri al

lid to gdhecADRbESE IX, 1REek abouf r2nes afrohhe circuit
package. 150. A nethod for fabricati Sog a fl an%e of a

ci rcui t hesoleapeaboeoriplisitngndf sbarh +Iné PRRABROF PR
a_mt et ol RAIPLLSHAG Afsd GaRl 0,29 abeul 26 copper.

151. Theb r}-‘e claim wherein the materi al
conpri sesheatballaeast cogmrr. 90% copper. 152. The net hod
of claim 150, wherein the material conprises at | east
about 98% copper. ,
143. The lead of claim 142, wherein the retention feature

comprises a hooked edge.

144. The lead of claim 142, wherein the retention feature

comprises a ridge.

145. The 1lead of claim 142,' wherein the retention feature

comprises a groove.

146. A method for enclosing a circuit package, comprising
ultrasonically welding a thermoplastic material 1lid to a
thermoplastic material £frame of the circuit package using a
wéiding signal having a frequency between about 50 KHz and about

60 KHz and an amplitude less than about 100 microns.

147. The method of claim 146, wherein the amplitude is less than

about 60 microns.
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15 153. The nethod of claim 150, wherein the materi al
conprises an alloy of copper and at |east one

mat eri al chosen froma group conprising zirconium and
silver. 154. The nethod of claim 150, wherein the

mat eri al conprises between about 0.05% and about 1.5%

148 Zi CREEANA apsl atnd ®Ahgakowi r A t9%a%agepP&omptbbing laser
The net hod of claim 15 further conprising: coin %
weldinge relemORbASEbar TAESTHRb 1.4 (¥R 13 StheHIp1 gk Lonanterial

fraéé W08 nel 38 odbhe smidagd. of claim 155, wherein the

rane retention feature 25 includes an under cut
portion. 44 157. The method of claim 156, further
149 C%ﬁﬁf aEdH0: fdﬂ%&lb@ﬁl@f&%muitsbaBEaQ?, ac;@mamil' ng thermal
surface, opposite, the first surface t he nge. ,
weldiyyy ahBheERIRIRSHACcPAFATIBY, H%e?%|% g%ﬁﬁ@ﬁﬁ%%;%ﬁélﬂﬁgerlal

fralﬁ@qpﬂqcl:hé Swehacepdskadfe.l €ast about 0.0001 inches.
. The nmethod of claim 157, wherein convexity of the
second surface i s between about 0.0005 and about
1500. R0k thodhefor 168brikatmnioda f dlafigér iofata ngilacuéhd msfckage,
a circuit package, conprising: 10 stanping a |ead
comprete'$rom a material conprising at |east about 50%

copper . £dfdindA HHerfiaphas firemmat aatariak oogmpsisigg sk least
I|qU|d crystal polyner; and a plurality of graphite
f| aRest 3& BPPPeFfhe thernopl astic material of claim

161, wherein the thernoplastic material ‘conprises
0, 0,
151t.)et'1‘§§epneggggt o%oé g:lr.]g ??8}“ wﬁgr/%u?rﬁ?h' ¢ etefrllaalﬁ.e comprises at

least about 90% copper.

152. The method of claim 150, wherein the material comprises at

least about 98% copper.

153. The method of claim 150, wherein the material comprises an
alloy of copper and at least one material chosen from a group

comprising zirconium and silver.

154. The method of claim 150, wherein the material comprises
between about 0.05% and about 1.5% zirconium and at least about

98.5% copper.

155. The method of claim 150, further comprising:
coining a frame retention feature into a first surface

of the flange.

156. The method of claim 155, wherein the frame retention feature

includes an undercut portion.

~44~



10

15

20

25

163. The thernoplastic material of claim 161, wherein
the thernoplastic material conprises between about
40% and about 50% 20 graphite flakes. 164. The
thernoplastic material of claim162, wherein the
Iqu|d crystal polyner conprises: para-hydroxybenzoic

I S h 5 I
157.4 Hb?n’ﬁ?ﬁ %nﬁl%?eﬁlng goffouc a:%% Ifélﬂg%\%érgeﬁg tlﬁg The
"qu'dlmﬁﬁﬁﬁﬁﬁﬁ Dotorvex chapei $esa @ecopd| pusfacé, opposite

p- hydr px benzo C_aci and_, 6-h droxy 2- napht hoi c
alhg. TEraSur et’h8?nBle st c‘:; faterial of claim 162,

wherein the I|qU|d crystal polyner conprises

t apol | qEhon X agied,
158. %% enol éfégye ?haﬁh%¥§%?d¥%%g§ghﬁys?fug?ﬁiesecond

surf@gm&pgissahgle&tc@bpum OL@@\ObflnﬁéillelBer conprising: 10 a
liquid crystal polymer; and a plurality of graphite
fl akes; wherein the structure has a surface an tq$
159;ﬂﬂh&ﬂm¢§hQ# ofjr appite L[ akadiexedny SONVESL LY o Qi ethe second

surtiaolge Sebeﬂwﬁéﬁ%’%ﬁg%tth@dob@f; ARk R 8t ooth U:[r&;hes

rrsing Injecting into a nold a conposition of
matter conprising: a liquid crystal polyner; and a

160 plggr akkh¥aof sl apBbkecht fkPsS a 168ad Ther mat hetirefitcl parkage,
wherein the conposition of matter 20 conprises
comgwitsi@gn about 10% and about 70% graphite fl akes.

stamping a lead frame from a material comprising at

least about 50% copper.

161. A thermoplastic material, comprising:
a liquid crystal polymer; and
a plurality of graphite flakes.

162. The thermoplastic material of claim 161, wherein the
thermoplastic material comprises between about 10% and about 70%

graphite flakes.

163. The thermoplastic material of claim 161, wherein the
thermoplastic material comprises between about 40% and about 50%

graphite flakes.

164. The thermoplastic material of claim 162, wherein the liquid
crystal polymer comprises:

para-hydroxybenzoic acid;

bisphenol; and

phathalic acid.
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170. The nethod of claim 168, wherein the conposition

of matter conprises between about 40% and about 50%

graphite flakes. 171. The method of claim 168, wherein
the structure includes a surface; and the conposition
is injected such that, after the 25 injecting, the

165 PliHeAldHe¥meb1 868001 hfrdtBleSr 4B aim 162, wherein the liquid
crystal polymer comprises:
a copolymer of p-hydroxybenzoic acid; and

6-hydroxy—-2-naphthoic acid.

166. The thermoplastic material of claim 162, wherein the liquid
crystal polymer comprises terapolymers of formulation

hydroxybenzoic acid, 4-4-bisphenol and terephthalic acid.

167. A structure comprising:
a composition of matter comprising:
a liquid crystal polymer; and
a plurality of graphite flakes; wherein
the structure has a surface and the plurality of

graphite flakes are parallel to the surface.

168. A method for making a structure, comprising:
injecting " into a mold a composition of matter
comprising:
a liquid crystal polymer; and
a plurality of graphite flakes.

169. The method of claim 168, wherein the composition of matter

comprises between about 10% and about 70% graphite flakes.

170. The method of claim 168, wherein the composition of matter

comprises between about 40% and about 50% graphite flakes.

171. The method of claim 168, wherein the structure includes a
surface; and the composition is injected such that, after the

injecting, the plurality of graphite flakes
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